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PREFACE 

TO     THE    REVISED    EDITION. 


Is  the  preface  to  the  first  American  edition  or  tliia 
work,  published  in  18G7,  its  joint  authorship  was  thus  ex- 
plained :  *'  My  friend  and  teacher,  Professor  Huxley,  having 
been  for  a  considerable  time  engaged  in  the  preparation  of 
an  eleraenlarj'  work  on  Physiology,  at  such  brief  intervals 
as  he  could  snatch  from  his  laborious  scientific  reaearches, 
and  it  having  been  suggested  to  him  that  its  republication 
in  this  country  might  be  desirable,  he  conBdcd  the  early 
ehccta  of  the  work  to  me,  to  make  such  additions  of  matter 
and  modifications  of  form  as  might  be  thought  proper  to 
adapt  it  to  tho  circumstances  and  requirements  of  Ameri- 
can eduoation."  I  accordingly  revised  the  form,  without 
disturbing  Professor  Huxley's  text,  and  added  several 
etiapters  on  Practical  Hygiene. 

The  author's  aim  in  the  preparation  of  the  volume  was 
explained  in  the  following  passages  : 

"  My  object  in  writing  it  has  been  to  set  down,  in  plain 
and  concise  language,  that  which  any  person  who  desire? 
to  become  acquainted  with  the  principles  of  Human  Physi- 


ology  may  learn,  with  a,  fair  prospect  of  h.iving  but  little 
to  unlearn  as  our  knowledge  widens. 

"  It  is  only  by  ioadverteuce,  or  from  an  error  in  judg- 
inenl,  therefore,  that  the  work  contains  any  Btatement,  or 
doctrine,  which  cannot  be  regarded  aa  tlie  common  prop- 
erty of  all  physiologists.  I  have  endeavored  simply  to 
play  the  part  of  a  sieve,  and  to  separate  the  well-estab- 
lished and  iho  essential  from  the  doubtful  and  ibe  unim- 
portant portions  of  the  vast  mass  of  knowledge  and  opinion 
we  call  Human  Physiology." 

Professor  Huxley's  work  has  been  thoroughly  tested. 
It  has  gone  through  many  impressions  in  England,  has 
been  translated  into  several  of  the  Continental  hiDguages, 
has  been  extensively  used  in  this  country ;  and  the  general 
verdict  of  men  of  science,  and  of  eminent  educators,  bus 
been  that  it  U  the  most  valuable  and  authentic  digest  of 
the  elementary  facta  and  principles  of  Physiology  that 
is  anywhere  to  be  found. 

There  was,  nevertheless,  one  fault  in  the  first  edition 
of  Professor  Huxley's  book,  which  grew  out  of  the  fact 
that  be  was  a  man  of  conscience  as  well  as  a  man  of  sci- 
ence, and  recognized  a  duty  to  the  subject  he  was  treating. 
Offended  by  that  looseness  of  style  and  inaccurate  repre- 
sentation wbicb  mark  the  popular  manuals  of  the  subject, 
and  feeling  that  there  can  be  lio  real  educational  benefit 
in  scicntiGc  study  without  mental  exertion,  lie  wrote  with 
a  conciseness  and  a  compression  which  made  parts  of  his 
book  too  difficidt  for  average  pnpils.  The  present  edition 
has,  therefore,  been  carefully  revised  and  much  of  it  re- 
written with  more  fullness  of  illustration  and  simplicity 
of  statement;  while  familiar  words  have  been  substituted 


for  technical  terms  as  far  as  ia  cousistent  with  preciaion. 
Professor  Huxley  stands  high  us  a  mnster  of  pointed  and 
forcible  English,  and,  in  this  respect,  his  volume  may  now 
be  offered  as  without  rival  among  the  books  of  its  class. 

A  large  number  of  new  engravings  have  been  intro- 
duced into  the  volume,  and  a  chapter  has  been  added  on 
the  "Physiological  Constants,"  that  will  be  of  value  to 
the  student  in  recapitulating  and  combining  the  general 
resulta  of  the  science.  That  the  dimensions  of  the  book 
might  not  be  increased,  the  first  chapter  of  the  former  edi- 
tion has  been  omitted,  together  with  the  section  on  the 
forma  of  mental  impairment.  Some  important  additions 
have,  however,  been  made  to  the  chapter  on  "Air  and 
Health." 

The  eminent  claim  of  Professor  Huxley's  "  Elementary 
Physiology"  ie,  that,  wliilo  up  to  the  times,  it  is  trust- 
worthy in  its  presentation  of  the  subject;  while  rejecting 
discredited  doctrines  and  doubtful  speculations,  it  embodies 
the  latest  results  that  are  estublislied,  and  represents  the 
present  actual  state  of  physiological  knowlcilge. 

Probably,  the  most  iinj>ortiint  advance  which  has  been 
lately  made  in  the  Held  cf  science  consists  in  the  establish' 
ment  of  the  great  principle  of  the  correlation  and  consci^ 
ration  of  forces.  Accordingly,  regarding  Physiology  as 
strictly  the  science  of  vital  actions  or  lidng  forces,  Pro- 
fessor Huxley  tacitly  conforms  the  whole  plan  of  hb  work 
to  this  fundamental  principle.  Committing  himself  to  no 
unsettled  theories  respecting  the  transformations  of  en- 
ergv,  he  nevertheless  views  the  living  organism  dynami- 
caHy,  as  a  problem  of  the  dislurbance  and  restoration  of 
equilibrium  between  the  receipt  and  expenditure  of  matter 


and  force.  The  functious  of  alimentation,  circulation,  re* 
pirstion,  and  secretion,  nnd  tlie  esercise  of  pliyeical  and 
mental  power,  are  considered  in  tbe  light  of  losses  and 
gains  to  the  system,  and  with  constant  reference  to  the 
physiological  balance  of  forces. 

My  own  additions  to  the  volume  hare  been  made  in 
response  to  a  growing  demand  that  the  subject  of  Hygiene, 
in  both  its  bodily  and  mental  aspects,  shall  receive  increas- 
ing attention  in  general  education.  I  trust  that  Uie  ac- 
knowledged importance  of  this  subject,  as  well  as  the  ad- 
vantage of  dealing  with  it  Beparately,  after  tbe  Physiology 
has  been  mastered,  will  in  some  degree  promote  the  favor- 
able reception  of  the  work  by  the  teachers  of  the  couutrj-. 


W.  J.  Y. 


r  York,  Aivpisl,  1878. 
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PAET  I. 
ELEMENTARY   PHYSIOLOGY. 


CHAPTER    1. 


Section  1. —  The  liodily  Ardoiig. 

1.  How  Bodily  Actiona  are  Studied. — The  body  of  a  liv- 
ing man  performs  a  great  diversity  of  actions,  some  of 
which  ore  quite  obvious  ;  others  require  more  or  leas  care- 
ful observation ;  and  yet  others  can  be  detected  only  by 
the  employmeut  of  the  most  delicate  appliances  of  science. 

Tbua,  some  part  of  the  body  of  a  living  man  is  plainly 
always  in  motion.  Even  in  sleep,  when  the  limbs,  head, 
and  eyelids  may  be  still,  the  incessant  rise  and  fall  of  the 
cbest  continue  to  remind  us  that  we  are  viewing  slumber 
and  not  death. 

More  careftil  observation,  however,  is  needed  to  detect 
the  motion  of  the  heart ;  or  the  pulsittion  of  the  arteries ; 
or  the  changes  in  the  size  of  the  pupil  of  the  eye  with  vary- 
ing light;  or  to  ascertain  that  the  air  which  is  breathed 
out  of  the  body  is  hotter  and  damper  than  the  air  which  is 
taken  in  by  breathing. 
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And  lastly,  when  we  try  to  ascertain  what  happens  in 
the  eye  when  that  organ  is  adjusted  to  different  diatancoB  : 
or  wliat  in  a  nerve  when  it  is  excited :  or  of  what  materials 
fiesh  and  blood  arc  made :  or  in  virtue  of  what  mochaniam 
s  that  a  sudden  pain  makes  one  start — we  have  to  oull 
into  operation  all  the  methods  of  inductive  and  deductive 
logic;  all  the  resources  of  physics  and  chemistry  ;  and  all 
the  delicacies  of  the  art  of  e^ppriment. 

2,  Scope  of  Homen  Phyaiology. — The  sum  of  the  facts 
and  generaliaitioiiB  at  which  we  arrive  by  these  various 

]e»  of  inquiry,  be  they  simple  or  be  they  refined,  con- 
cerning the  actions  of  the  body  and  the  manner  in  which 
thoBe  actions  are  brought  about,  constitutes  the  science  of 
Human  Physiology.  An  elementary  outline  of  this  science, 
and  of  so  much  anatomy  as  is  incidentally  necessary,  is  the 
subject  of  the  following  chapters  ;  of  which  I  shall  devote 
the  present  to  an  account  of  so  much  of  the  structure  and 
fiucb  of  the  ai^tions  (or,  as  they  are  technically  called, 
"functions")  of  the  body,  as  can  be  ascertaiuetl  by  easy 
observation ;  or  might  be  so  ascertained  if  the  bodies  of 

nwero  as  easily  procured,  examined,  and  subjected  to 
experiment,  as  those  of  animals. 

Section  ZJ.^Worl-  and  Waste. 

3.  Bodily  Loss  or  Expenditure.  —  Suppose  a  chaml)er, 
with  walls  of  ice,  through  which  a  current  of  pure  ice-oold 
air  passes;  the  walls  of  the  chamber  wUl  of  course  remain 
unmelted. 

Now,  having'  weighed  a  liealthy  h'ving  man  with  great 
care,  let  him  walk  up  and  down  the  chamber  for  an  hour. 
In  doing  this  he  will  obviously  exercise  a  great  amount  of 
meclianical  force;  as  much,  at  least,  as  would  be  required 
to  lift  his  weight  as  high  and  as  often  as  he  has  raised 
himself  at  every  step.  But,  in  addition,  a  certain  quantity 
of  the  ice  will  be  melted,  or  converted  into  water;  show- 
ing that  the  man  has  given  off  heat  in  abundance.     Fur- 
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thennore,  if  the  air  which  enters  the  chamber  be  made  to 
pass  through  iiine-wat(?r,  it  will  cause  no  cloudy  white  pnj- 
cipilate  of  carbonate  of  lime,  becauBe  the  quautity  of  cnr- 
bonic  acid  in  ordinary  air  is  so  small  as  to  be  inappreciifbic 
in  this  way.  But  if  the  air  which  passes  out  is  made  lo 
take  the  same  course,  the  lime-water  wUl  soon  become 
milky,  from  the  precipitation  of  carbonate  of  lime,  showing^ 
the  presence  i>f  carbonic  acid,  wbich,  like  the  heat,  is  given 
off  by  the  man. 

Again,  even  if  the  air  be  quite  dry  as  it  enters  the  cham- 
ber (and  the  chamber  be  lined  with  somo  material  so  as  to 
shut  out  all  vapor  from  the  melting  ice-walla),  that  which 
i  breathed  out  of  the  man,  and  that  which  is  given  off 
rom  his  skin,  will  exhibit  clouds  of  vapor;  which  vapor, 
therefore,  is  derived  from  the  body. 

After  the  expiration  of  the  hour  during  which  the  ex- 
periment bns  lasted,  let  the  man  be  released  and  weighed 
ice  more.     He  will  be  found  to  have  lost  weight. 

Thus  a  living,  active,  man  constantly  exerts  meehnnical 
Jorce,  gives  off  JiBat,  evolves  carbonic  acid  and  water,  and 
undergoes  a  liits  of  mihatance, 

4.  A  Ph^Bioli^cal  Income  indispensable. — Plainly,  this 
state  of  things  could  not  continue  for  an  unlimited  period, 
or  the  man  would  dwindle  to  nothing.  But  long  before 
the  effects  of  this  gradual  diminution  of  substance  become 
apparent  to  a  by-stander,  they  are  felt  by  the  subject  of  the 
experiment  in  the  form  of  the  two  imperious  sensations 
called  hunger  and  thirst.  To  still  these  cravings,  to  restore 
the  weight  of  the  body  to  its  former  amount,  to  enable  it 
to  continue  giving  out  heat,  water,  and  carbonic  acid,  at 
the  same  rate,  for  an  indefinite  period,  it  is  ubsolulely  nec- 
essary that  the  body  should  be  supplied  with  each  of  three 
ihinga,  and  with  three  only.  Tiiese  are,  firstly,  fresh  air; 
secondly,  drink  —  consisting  of  water  in  some  shape  or 
other,  however  much  it  may  be  adulterated;  thirdly,  food. 
That  compound  known  to  chemists  as  protetd  matter,  and 
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wliich  oontaiaa  carbon,  hydrogen,  oxygen,  and  nitrogen, 
muBt  furm  a  part  uf  this  food,  \(  it  is  to  sustuin  life  iu- 
deGoitelj;  uiiU  fatty,  st^irohj,  or  saccharine  matters  ought 
I  be  coLilainud  in  tlic  food,  if  it  is  to  sustain  life  con- 
Ten  Sen  tiy, 

6,  Ponns  of  Exoretions. — A  certain  proportion  of  the 
natter  taken  in  as  food  either  cannot  be,  or  ut  any  rate,  is 
Hot,  used;  and  leurea  the  body,  aa  exa-einentitious  matter, 
iiaring  simply  passed  through  the  alimentary  canal  without 
undergoing  raueh  change,  and  without  ever  being  inoorpo- 
mted  with  the  actual  substance  of  the  body.  But,  under 
iiealthy  conditions,  and  when  only  so  much  food  as  is  neces- 
a  taken,  no  important  proportion  of  either  proteid  raut- 
r  fat,  or  starchy  or  saccharine  food,  passes  out  of  the 
body  as  such.  Almost  all  real  food  leaves  the  body  in  the 
■fonn  either  of  water,  or  of  ccirf>oiiic  acid,  or  of  a  tliird  sub- 
'Btancc  called  urc't,  or  of  certain  auUne  compounds. 

6.  AbsorpUoii  of  Oxygen.  —  Chemists  have  determined 
that  these  products  which  arc  thrown  out  of  the  body  and 
ire  called  excretiuns,  contain,  if  taken  altogether,  far  more 
oxygen  than  the  food  and  water  taken  into  the  body. 
Now,  the  only  possible  source  whence  the  body  can  obtain 
oxygen,  except  from  food  and  water,  is  the  air  which  sur- 
rounds it.'  And  careful  investigation  of  the  air  which  leaves 
the  chamber  in  the  imaginary  experiment  described  above 
would  show,  not  only  that  it  has  gained  carbonic  acid  j^z-om 
the  man,  but  that  it  has  lost  oxygen  in  equal  or  rather 
greater  amount  to  him. 

7.  Variation  of  the  Physiological  Balance. — Thus,  if  a 
an   ia  neither  gaining  nor  losing  weight,  the  sum  of  the 

I  weights  of  all  the  substances  above  enumerated  wlueh 
K-leave  the  body,  ought  to  be  exactly  equal  to  the  weight  of 
lifae  food  and  water  which  enter  it,  together  with  that  of 

0*  larB  BMrtr  51  of  oijgen  tnd  Til  pf  bIIto- 
■  furl  «f  urbonJo  add,  ■  mlnuut  ODCortjdii 
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the  oxjgen  which  it  absorbs  fruin  llie  uir.     And  this  i^ 
proved  to  be  tbe  case. 

Hetice  it  follows  tbat  a  niaa  in  hoalth,  and  "neither 
gKining  nor  losing  flesh,"  is  incefsaiitlr/  oxidating  and 
woBting  away,  and  periodically  making  good  tlie  loss.  So 
that  if,  in  hb  average  condition,  he  could  be  confiued  in 
the  scale-pan  of  a  delicate  spring  balance,  like  that  used 
for  weighing  letters,  the  acalc-pan  would  descend  at  ever^ 
Hil,  and  ascend  in  the  intervals,  oacillating  to  equal  dis- 
tances on  each  side  of  the  average  position,  which  would 
r  be  maintained  for  longer  than  a  few  minutes.  There 
is,  therefore,  no  such  thing  as  a  stationary  condition  of  the 
weight  of  the  body,  and  what  we  call  such  is  simply  a  con- 
dition of  variation  within  narrow  limits — a  condition  in 
which  the  gains  and  losses  of  the  nuincrous  daily  trunsuo- 
tions  of  the  economy  balance  one  another, 

8.  Conditions  of  thii  Balanca. — Suppose  this  diuraally 
balanced  physiological  state  to  be  reached,  it  can  be  main- 
iuned  only  so  long  as  the  quantity  of  the  mechanical  work 
done,  and  of  heat,  or  other  force  evolved,  remains  absolutely 
unchanged. 

ueh  a  physiologically-balanced  man  lift  a  heavy 
body  from  the  ground,  and  the  Iobb  of  weight  which  ho 
would  have  undergone  without  that  exertion  will  be  im- 
mediately increased  by  a  definite  amount,  which  cannot  be 
tnule  good  uiiless  a  proportionate  amount  of  extra  food  be 
supplied  to  htm.     Let  the  temperature  of  the  air  tall,  and 

I  &s  same  result  will  occur,  if  his  body  remains  as  warm  as 

f  before. 

On  the  other  hand,  diminish  his  exertion  and  lower  his 
production  of  lieat,  and  either  he  will  gain  weight,  or  some 
of  his  food  will  remain  unused, 

9,  Equation  of  Food  and  Force. — Thus,  in  a  properly 
nourished  man,  a  stream  of  food  is  constantly  entering  the 
body  in  the  fhape  of  complex  compounds  containing  com- 
pantiyely  little  oxygen  ;  as  constantly,  the  elements  of  the 
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food  (whether  before  or  after  they  have  formed  part  of  tlie 
living  substance)  are  leaving  the  body,  combined  with 
more  oxygen.  And  the  incessant  breaking  down  and  oxi- 
dation of  tlie  complex  compounds  which  enter  the  bmiy  are 
definitely  proportioned  to  the  amount  of  force  the  body 
exerts,  whether  iu  the  shupe  of  heat  or  otherwise;  just  in 
the  same  way  as  the  amount  of  work  to  be  got  out  of  a 
steam-engine,  and  the  amount  of  heat  it  and  its  furnace 
give  off,  bear  a  strict  proportion  to  its  consumption  of  fuel. 

Section  in.—  Oullii,<:)i  of  the  Bodibj  Structure. 

10.  Structoxe  of  the  Vital  UechauisnL — From  these  gen- 
eral considerations  regarding  the  nature  of  life,  considered 
as  physiological  work,  we  may  turn  for  the  purpose  of  tak- 
ing a  like  broad  survey  of  the  apparatus  which  does  the 
work.  We  have  seen  the  general  performance  of  tlie  en- 
gine, we  may  now  look  at  its  build. 

The  human  body  is  obviously  separable  into  head,  trunk, 
and  liml>s.  In  the  head,  the  brain-case  or  akuU  is  diatin- 
gui^able  from  the  face.  The  trunk  is  naturally  divided 
into  the  chest  or  thoraa;  and  the  belly  or  ahdumeii.  Of 
ibe  timhs  thei-e  are  two  pairs — the  upper,  or  arms,  and  the 
lower,  or  legs  ;  and  legs  and  arms  again  are  subdivided  by 
their  joints  into  parts  which  obviously  exhibit  a  rough  cor- 
respondence— thigh  and  vpper  arm,  leg  AnA  forearm,  ankle 
and  wrist,  Jingera  and  toea,  plainly  answering  to  one  an- 
other. And  the  two  last,  in  fact,  are  so  similar  that  they 
receive  the  same  uame  of  digits ;  while  the  several  joints 
of  the  fingers  and  toes  have  the  common  denomination  of 
phalanges. 

The  whole  lx>dy  thus  composed  (without  the  viscera) 
is  seen  to  be  bilaterally  symmetrical ;  that  is  to  say,  if  it 
were  split  lengthways  by  a  great  knife,  which  should  be 
made  to  pass  along  the  middle  line  of  both  the  dorsal  and 
ventral  (or  back  and  front)  aspects,  the  two  halves  would 
^  almost  exactly  resemble  one  another. 
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11.  The  Vertebral  ColamiL — One-half  of  tlie  body,  di- 
vided iu  the  maimer  (k'spriljcd  (Fig.  1),  would  exhibit,  in 
the  trunk,  the  cut  faces  nf  tbirty-tbree  bones,  joined  to- 
gether by  a  very  strong  oiiJ  tough  siibBtanc»:  into  a  long 
column,  which  lies  much  nearer  the  dorml  (or  back)  than 
the  ventral  (or  front)  aspect  of  the  body.  The  bones  thus 
cut  through  are  called  the  bodies  of  the  vertebra.  They 
separate  a  long,  narrow  caujd,  called  the  spinal  canal, 
which  is  placed  upon  their  dorsal  side,  from  the  spacious 
chamber  of  the  cheat  and  abdomen,  which  lies  upon  their 
ventral  side.  There  is  no  direct  communication  between 
the  dorsal  canal  and  the  ventral  cavity, 

12.  Internal  Ol^ans.— ^The  epinal  canal  contains  a  long 
white  cord — the  ajjimd  cord — which  is  an  important  part 
of  the  nervous  system.  The  ventral  chamber  is  divided 
into  the  two  subordinate  cavities  of  the  thorax  and  abdo- 
men by  a  remarkable,  partly  fleshy  and  partly  membranous, 
partition,  the  diaphragm  (Fig.  1,  J>),  which  is  concave 
toward  th*abdomen,  and  convex  toward  the  thorax.  The 
alimentary  canal  (Fig.  1,  AL),  traverses  these  cavities 
from  one  end  to  the  other,  piercing  the  diaphragm.  So 
does  a  long  double  series  of  distinct  masses  of  nervous  sub- 
stance, which  are  called  gangtiit,  are  connected  together 
by  nervous  cords,  and  constitute  the  so-called  sympathetic 
(Fig.  1,  Si/.).  The  abdomen  contains,  in  addition  to  these 
parts,  the  two  kidneys,  one  placed  agoinat  each  side  of  the 
vertebral  column,  the  liver,  the  pancreas  or  "  sweetbread," 
and  the  ipleen.  The  thorax  incloses,  besides  its  segment 
of  the  alimentary  canal  and  of  the  sympathetic,  the  heart 
and  the  two  lungs.  The  latter  are  placed  one  on  each 
side  of  the  heart,  wliich  lies  nearly  in  the  middle  of  the 
thorax. 

13.  The  Head  and  Brain. — Wliere  the  body  is  succeeded 
by  the  head,  the  uppermost  of  the  thirty-three  vertebral 
bodies  is  followed  by  a  continuous  mass  of  bone,  which  ex- 
tends through  the  whole  length  of  the  head,  and,  like  the 
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Bpinal  column,  separates  a  dorsal  cliamber  from  a  ventral 
one.  Tlie  dorsal  chamber,  or  cavity  of  the  skull,  opena 
into  the  spinal  canaL  It  contains  a.  mass  of  nervous  matter 
calletl  the  brain,  which  is  continuoiis  with  the  spinal  cord, 
the  brain  anil  the  spinal  cord  together  constituting  what  is 
termed  the  cerebro^inal  axis  (Fig.  1,  C.S.,  G.H.),    ITie 
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vcntr&l  chamber,  or  cavity  of  the  face,  is  almost  entirdy 
occupied  by  the  month  and  pharynx,  into  wliich  last  the 
upper  end  of  the  alimentary  canul  (i.'atled  gullet  or  oeeopka- 
ffus)  opens. 

14.  Thfl  Htiman  Body  a  Double  Tube, — ^Tlius,  the  study 
of  a  longitudinal  seutiuu  shows  us  that  the  human  body  ia 
a  double  tube,  the  two  tulxfS  being  completely  separated 
by  the  spiuul  coluniu  and  the  bony  axis  uf  the  skull,  which 
form  the  floor  of  the  one  tube  and  the  roof  of  the  other. 
The  doreal  tube  contains  the  cerebro-epinal  aiis ;  the  ven- 
tral, the  alimentary  canal,  the  sympathetic  nervous  system, 
and  the  heart,  besides  other  organs. 

Transverse  sections,  taken  perpendicularly  to  the  aiia 
of  the  vertebral  column,  or  to  that  of  the  skull,  show  still 
tnore  clearly  that  this  is  the  fundamental  structure  of  the 
human  body,. and  that  the  great  apparent  difference  be- 
tween the  head  and  the  trunk  is  due  to  the  different  size 
of  the  dorsal  cavity  relatively  to  the  ventraL  In  the  head 
the  former  cavity  is  very  large  in  proportion  to  the  size  of 
the  latter  (Fig.  8) ;  in  the  thorax,  or  abdomen,  it  is  very 
small  (Fig.  3). 

The  limbs  contain  no  such  chambers  as  are  found  in  the 
body  and  the  head;  but,  with  the  eiception  of  certain 
branching  tubes  filled  with  fluid,  which  are  called  blood- 
Vesttia  and  lympluitica,  arc  solid  or  semi-solid  throughout, 

Skctios  W.—T/fe  Jtodili/  Tissues. 

16,  The  BMn. — Such  being  the  general  character  and 
arrangement  of  the  parts  of  the  human  body,  it  will  nest 
be  well  to  consider  into  what  constituents  it  may  be  sepa- 
rated by  the  aid  of  no  better  means  of  discrimination  than 
the  eye  and  tlie  aoatomist^s  knife. 

With  no  more  elaborate  aids  than  these,  it  becomes 

easy  to  separate  that  tough  membrane  which  invests  the 

vhole  body,  and  is  called  the  skin,  or  integument,  tram 

paita  which  lie  beneath  it.    Furthermore,  it  is  readily 
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.eDough  ascertained  tliat  tliia  iutegumcnt  consists  of  two 
portions:  a  superficial  layer,  which  is  constantly  Iwing  shed 
■in  tbe  form  of  powder  or  scatea,  composed  of  minute  par- 
ticles of  lioniy  mutter,  and  is  called  the  epidermis  ;  and  the 
dee[>er  part,  the  dermis,  which  is  dense  and  fibrous  (Fig. 
40).     The  epidermis,  if  wounded,  neither  gives  rise  to  pain 

r  bleeds,  Tho  dermis,  under  like  circura stances,  is  very 
tender,  and  bleeds  freely.  A  practical  distinction  13  drawn 
between  the  two  in  sharing,  in  the  course  of  which  opera- 
tion the  razor  ought  to  cut  only  epidermic  structures;  for 
if  it  go  a  shade  deeper,  it  gives  rise  to  pain  and  bleeding. 

16.Hacoa8lCeDlbranUL — The  skin  cau  be  readily  enough 
removed  from  all  parts  of  the  exterior,  but  at  the  margins 
oi  tbe  apertur4!s  of  the  body  it  seems  to  stop,  and  to  be  re- 
jdaced  by  a  layer  which  is  much  redder,  more  sensitive, 
Ueeds  more  readily,  and  which  keeps  itself  continually 
moist  by  f^ving  out  a  more  or  less  tenacious  fluid,  called 
mtcut.  Hence,  at  these  apertures,  the  skin  is  said  to  stop, 
and  to  be  replaced  by  mucout  membrane,  which  lines  all 
l^ose  interior  cavities,  such  as  the  alimentary  canal,  into 
TThich  the  apertures  open.  But,  in  truth,  the  skin  does  not 
Teally  come  to  an  end  at  these  points,  but  is  directly  con- 
tinned  into  the  mucous  mombruue,  which  last  is  simply  an 
integument  of  greater  delicacy,  but  consisting  fiindamentr 
ally  of  the  same  two  layers — a  deep,  fibrous  layer,  contain- 

5  blood-vessels  and  nerves,  and  a  superficial,  insensible, 
and  bloodless  one,  now  called  the  epithelium.  Tims  every 
»rt  of  the  body  might  be  said  to  be  contained  between 
the  walls-  of  a  double  bag,  formed  by  the  epidermis,  which 
invests  the  outside  of  tlic  body,  and  the  epithelium,  its  con- 
tinuation, which  lines  tho  internal  cavities, 

17.  ConnectiTe  Tisaae. — The  dermis,  and  the  deep,  san- 

jine  layer,  which  answers  to  it  in  the  mucous  membranes, 
Are  chiefly  made  up  of  a  filamentous  substance,  which  yields 
abundant  gelatine  on  being  boiled,  and  is  the  matter  which 

IB  when  hide  is  made  iuto  leather.    Tltis  is  called  areolar. 
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]  Jlbrova,  or,  better,  C(mnec(jue  tissue.'     The  lost  name  is 
tlie  best,  beeause  this  tissue  is  the  great  conuecting  me- 
I   dium  by  which  tlie  different  parts  of  the  body  are  held 
together.     Thus  it  passes  from  the  dermis  between  all  the 
other  organs,  enshcatUing  the  muscles,  coating  the  bones 
.   aud  cartilages,  and  eventually  reaching  and  euteriug  into 
the  mucous  membranes.   And  so  completely  and  thoroughly 
does  the  connective  tissue  permeate  almost  all  parts  of  the 
body,  that  if  every  other  tissue  could  be  dissected  away,  a 
complete  model  of  all  the  organs  would  l>e  left  composed 
'   of  this  tissue.     Connective  tissue  varies  very  much  in  char- 
acter; sometimes  being  very  soft  and  tender,  at  others — as 
in  the  tendons  and  ligaments,  wliich  are  almost  wholly  com- 
posed of  it — attuiuing  great  strength  and  density. 

18.  The  UosoIgb, — .Vmong  the  most  ira|K>rtaat  of  tlie 
tissues  embedded  in  and  ensheatbcd  by  the  connective  tis- 
sue, are  some  the  presence  and  action  of  which  can  be 
reoiUly  determined  during  life. 

If  tlie  uppi?r  arm  of  a  man  whose  arm  is  stretched  out 

be  tightly  grasped  by  another  person,  the  latter,  as  the 

former  bends  up  his  foreann,  will  feel  a  great  soft  mass, 

i   which  lies  at  the  fore  part  of  the  upper  arm,  swell,  harden, 

i   and  become  prominent.    As  the  arm  is  extended  again,  the 

I  swelling  and  hardness  vanish. 

On  removing  the  skin,  the  body  which  thus  changes  its 
'  configuration  is  found  to  be  a  mass  of  red  flesh,  sheathed 
I  in  connective  tissue.  The  sheath  is  continued  at  each  end 
I  into  a  tendon,  by  which  the  muscle  is  attached,  on  the  one 
I  band,  to  the  shoulder-bone,  and,  on  the  other,  to  one  of  the 
L  bonea  of  the  forearm.  This  mass  of  flesh  is  tlie  mtarle 
I  called  biceps,  and  it  has  the  peculiar  property  of  changing 
I  its  dimensions — shortening  and  becoming  thick  in  propor- 
\  tion  to  its  decrease  in  length — when  influenced  by  the  will 
as  well  as  by  some  other  causes,'  and  of  returning  to  its 
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original  form  when  k-t  alone.  This  temporary  cban^  in 
the  dimensions  of  a  niusrle,  this  shortening  and  becoming 
thick,  is  spoken  of  as  its  contraction.  It  is  by  reason  of 
this  property  tliat  muscular  tissue  becomes  the  great  motor 
agent  of  the  body;  the  mnSL'les  being  bo  disposed  between 
the  systems  of  levere  which  support  the  body,  that  their 
contraction  necessitates  the  motion  of  one  lever  upon  an- 

19.  The  Cartilagea  &nd  Bones.— These  levers  form  part 
oF  the  system  of  hard  tissues  which  constitute  the  skeleton. 
The  less  hard  of  these  are  the  cartilagea^  composed  of  a 
dense,  firm  substance,  ordinarily  known  as  "gristle,"  The 
harder  are  the  hones,  which  are  masses  either  of  cartilage, 
or  of  connective  tissue,  hardened  by  being  impregnated 
with  phosphate  and  carbonate  of  lime.  They  are  animal 
tissues  which  have  become,  in  a  manner,  naturally  petrified ; 
and  when  the  salts  of  lime  are  extracted,  as  they  may  be, 
by  the  action  of  acids,  a  model  of  the  bone  in  soft  tind  flexi- 
ble animal  matter  remains. 

More  than  two  hundred  separate  bones  are  ordinarily 
reckoned  in  the  human  body,  though  the  actual  number  of 
distinct  bones  varies  at  different  periods  of  life,  many  bones 
which  are  separate  in  youth  becoming  united  together  in 
old  age.  Thus  there  arc  originally,  bb  we  have  seen,  thirty- 
three  separate  bodies  of  vertebne  in  the  spinal  column,  and 
the  upper  twenty-four  of  those  commonly  remain  distinct 
throughout  life.  But  the  twenty-fifth,  Iwenty-siith,  twenty- 
seventh,  twcnty-eighlh,  and  twenty-ninth  early  unite  into 
one  great  bone,  called  the  sacrum  ,'  and  the  four  remaining 
vertebne  often  run  into  one  bony  mass  called  the  coocyx. 
In  early  adult  life,  the  skull  contains  twenty-two  naturally 
separate  bones,  but  in  youth  the  number  is  much  greater, 
and  in  old  age  far  less.  Twenty-four  ribs  bound  the  cheat 
laterally,  twelve  on  each  side,  and  most  of  them  are  con- 
nected by  cartilagea  with  the  breastbone.  In  the  girdle 
which  supports  the  shoulder,  two  bones  are  always  dis- 
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'   tinguisbable  as  tUe  svpula  and  clavicle.     The  pelvis,  to 

vrbicU  tbe  legs  are  attached,  consistB  of  two  sepurate  bones 

I  called  the  oma  InnotnimUa  in  the  adult;  but  eat.' h  os  in- 

I  nominnlum  ia  separable  into  three  (called  paliia,  isc/iium, 

I  and  ilium)  ia  the  joung.     Tliere  are  thirty  bones  in  each 

of  the  arms,  and  the  same  number  in  cuch  of  the  leg?, 

counting  tbe  patellc,  or  knee-pan. 

All  tlieae  bones  are  fastened  together  by  ligaments,  or 
by  cartil^es ;  and,  wbere  tliey  play  freely  over  one  an- 
other, a  coat  of  cartilago  furnishes  the  surfaces  which  oom© 
into  contact.  The  cartilages  which  thus  form  port  of  a 
joint  are  called  articular  cartilages,  and  their  free  surfaces, 
I  by  which  they  rub  against  each  other,  are  lined  by  a  deli- 
I  cate  synovial  membrane,  which  accretes  a  lubricating  fluid 
— the  synovia. 

SsLTioN  V, —  77te  Combination  of  Actions, 

20.  How  wa  stand  upright. — Tliough  the  bones  of  the 

I  skeleton  are  all  strongly  enough  connected  together  by 

ligaments  and  cartilages,  the  joints  play  so  freely,  and  the 

centre  of  gravity  of  tlie  body,  when  erect,  is  so  high  up, 

that  it  is  impossible  to  make  a  skeleton  or  a  dead  body 

support  itself  in  the  upright  position.     That  position,  easy 

as  it  seems,  is  the  result  of  the  contraction  of  a  multitude 

of  muscles  which  oppose  and  balance  one  another.     Thus, 

the  foot  affording  the  surface  of  support,  the  muscles  of  the 

oalf  {Fig.  4,  1)  must  contract,  or  the  legs  and  body  would 

fall  forward.     But  this  action  tends  to  bend  the  leg ;  and, 

to  neutralize  this  and    keep  the  leg  straight,  tbe  great 

muscles  in  front  of  the  thigh  (Fig.  4,  2),  must  come  into 

play.     But  these,  by  the  same  action,  tend  to  bend  the 

I  body  forward  on  tho  legs;  ami,  if  tlio  body  ia  to  be  kept 

I  straight,  tbcy  must  be  neutralizi.'d  by  llje  action  of  the 

I  muscles  of  the  buttocks  and  of  the  biick  (Fig.  4,  III), 

The  erect  position,  then,  which  we  assume  so  easily 
f  aad  wi^out  thinking  about  it,  is  the  result  of  the  combined 
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and  accurately-proportioned  action  of  a  vast  number  of 
muscles.  What  is  it  that  makes  them  work  together  in 
this  way  ? 


V 
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Fio.  4. 

A  Diagram  tllttstrattno  titb  AirAoninENTS  or  eom  or  ths  MOdr  impobtant 
MuBCLCs  wmcu  kebp  m  Boot  nv  tbb  SKaoT  PoernBit. 

I.  The  muBolefl  of  the  calf.  II.  Those  of  the  bock  of  the  thigh.  III.  Those  of  the 
Bpioe.    These  tend  to  keep  the  body  from  falling  fOTvard. 

1.  The  moscles  of  the  front  of  the  let?.  8.  Those  of  the  front  of  the  th!f?h.  8.  Those 
of  the  front  of  the  abdonien.  4,  5.  Those  of  the  front  of  the  neck.  These  tend  to  keep 
the  body  from  foiling  backward. 

The  arrows  indU»te  the  direction  of  action  of  the  muscles,  the  foot  being  fixed. 

21.  Belation  of  the  IQnd  to  the  Muscles. — Let  any  per- 
son in  the  erect  position  receive  a  violent  blow  on  the  head, 
and  you  know  what  occurs.     On  the  instant  he  drops  pros- 
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bate,  in  a  heap,  with  his  limbs  relaxed  and  poweriesa.  What 
has  happened  to  him  ?  The  bloir  may  have  been  so  in- 
flicted as  not  to  touch  a  sio^e  muscle  of  the  body ;  it  may 
not  cause  the  loss  of  a  drop  of  blood :  and,  indeed,  if  the 
"  concussioD,"  as  it  is  called,  has  not  been  too  severe,  the 
suflerer,  after  a  few  moments  of  unconsciousness,  will  come 
to  himself,  and  be  as  well  as  ever  again.  Clearly,  there- 
fore, no  permanent  injury  has  been  done  to  any  part  of  the 
body,  least  of  all  to  the  muscles,  but  an  influence  has  been 
eierted  upon  a  something  widch  governs  the  muacles.  And 
this  influence  may  be  the  effect  of  very  subtle  causes.  A 
strong  mental  emotion,  and  eren  a  very  bad  smell,  will,  in 
some  people,  produce  the  same  efl^ect  as  a  blow. 

These  observations  might  lead  to  the  conclusion  that  it 
is  the  mind  which  directly  governs  the  muscles,  but  a  little 
further  inquiry  will  show  that  such  is  not  the  case.  For 
people  hare  been  so  stabbed,  or  shot  in  the  back,  as  to  cut 
the  spinal  cord,  without  any  considerable  injury  to  other 
parts:  and  then  they  have  lost  the  power  of  standing  up- 
right as  much  as  before,  though  their  minds  may  have  re- 
mained perfectly  clear.  And  not  only  have  they  lost  the 
power  of  standing  upright  under  these  circumstances,  but 
they  no  longer  retain  any  power  of  either  feebng  what  is 
going  on  in  their  legs,  or,  by  an  act  of  their  volition,  caus- 
ing motion  in  them. 

22.  The  Spinal  Cord  converts  Impreuiona  into  Hon- 
mentl, — And  yet,  though  the  mind  is  thus  cut  off  from  the 

t lower  limbs,  a  controlling  and  governing  power  over  them 
still  remains  in  the  body.  For,  if  the  soles  of  the  disabled 
feet  be  tickled,  though  no  sensation  will  reach  the  body, 
the  legs  will  be  jerked  up,  just  as  would  be  the  case  in  an 
uninjured  person.  Again,  if  a  scries  of  galvanic  shocks  be 
sent  along  the  spinal  cord,  the  legs  will  perform  movements 
even  more  powerful  than  those  which  the  will  could  pro- 
duce in  ati  uninjured  person.  And,  finally,  if  the  injury  is 
of  such  a  nature  that  the  cord  is  crushed  or  profoundly  dis- 
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organiTed,  all  these  phenomena  cease ;  tickling  the  soles, 
or  sending  galvanic  shocks  along  the  spine,  will  produce 
no  effect  upon  the  legs. 

By  e^tamiiuttions  of  this  kind  carried  still  further,  we 
arrive  at  the  remarkable  result  that  the  brain  is  the  seat 
of  all  sensation  and  mental  action,  and  the  primary  source 
of  all  voluntary  muscular  contractions ;  while  tlie  spinal 
pord  is  capable  of  receiving  an  impression  from  the  ext«rior, 
and  converting  it  not  only  into  a  simple  muscular  contrac- 
tion, but  into  a  combination  of  such  actions. 

Thus,  in  general  torme,  we  may  say  of  the  cerebro-spinal 
nervous  centres,  that  they  have  the  power,  when  they  re- 
ceive certain  impressions  from  without,  of  giving  rise  to 
simple  or  combined  muscular  contractions, 

23.  Bpeoial  SensatioiiB.— But  you  will  further  note  that 
these  impressions  from  without  are  of  very  different  chai^ 
BCtere.  Any  part  of  the  surface  of  the  body  may  be  so 
afieoted  as  to  give  rise  to  the  sensations  of  contact,  or  of 
heat  or  cold;  and  any  or  every  substance  is  able,  under 
certain  circumstances,  to  produce  these  sensations.  But 
only  very  few  and  comparatively  small  portions  of  the 
bodily  framework  are  competent  to  be  affected  in  such  a 
manner  as  to  cause  the  sensations  of  taste  or  of  smell,  of 
sight  or  of  hearing;  and  only  a  few  substunoes,  or  pa^ 
ticular  kinds  of  vibrations,  arc  able  so  to  affect  those  re- 
gions. These  very  limited  parts  of  the  body,  which  put  us 
in  relation  with  particular  kinds  of  substances,  or  forms  of 
force,  are  what  are  termed  sensory  organs.  There  are  two 
such  organs  for  sight,  two  for  hearing,  two  for  smell,  and 
one,  or  more  strictly  speaking  two,  for  taste. 

Section'  ^^, — Nutrition,  Circulation,  Excretion. 

34.  Constant  Benewal  of  TissneB. — And  now  that  we 

have  taken  this  brief  view  of  the  structure  of  the  body,  of 

the  organs  which  support  it,  of  the  organs  which  move  it, 

and  of  the  organs  which  put  it  in  relation  with  the  surround- 
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Ing  world,  or,  in  other  words,  enable  it  k>  move  in  har- 
mony with  influences  from  without,  we  must  consider  the 
by  which  all  this  wonderful  apparatus  is  kept  in 
working  order. 

^ori(,  as  we  have  seen,  implies  waste.  The  work 
of  the  nervous  system  and  that  of  the  muscles,  therefore, 
implies  consumption  either  of  iheh-  own  substance,  or  of 
something  else.  And,  as  the  organism  can  make  nothing, 
it  must  possess  the  means  of  obtaining  from  without  that 
which  it  wants,  and  of  throwing  off  from  itself  that  which 
it  wastes ;  and  we  have  seen  that,  in  the  gross,  Jt  does 
these  things.  The  body  feeds,  and  it  excretes.  But  we 
must  now  pass  from  the  broad  fact  to  the  mechanism  by 
which  the  fact  is  brought  about.  The  organs  which  con- 
vert food  into  nutriment  are  the  organs  of  alimentation  ; 
those  which  distribute  nutriment  all  over  the  body  are 
org&ns  of  circulation  ;  those  which  get  rid  of  the  wasta 
products  are  organs  of  eiecretioit. 

35.  Alimentary  Apparatus. — The  organs  of  alimenta- 
tion are  the  mouth,  pharynx,  gullet,  stomach,  and  intes- 
tines, with  their  appendages.  What  they  do  is,  first  to 
receive  and  grind  the  food.  They  then  act  upon  it  with 
diemical  agents,  of  which  they  possess  a  store  which  is  re- 
newed as  fast  as  it  is  wasted  ;  and  in  tliis  way  separate  it 
into  a  fluid  I'ontaining  nutritious  matters  in  solution  or 
suspension,  and  innutritious  dregs  or  fieces. 

26.  Mechanism  of  Dutribntlon. — A  system  of  minute 
tubes,  with  very  thin  walls,  termed  capillaries,  is  distrib- 
uted through  the  whole  organism  except  the  epidermis 
and  its  products,  the  epithelium,  the  cartilages,  and  the 
substance  of  the  teeth.  On  all  aides  these  tubes  pass  into 
others,  which  are  called  arteries  and  veins;  while  these, 
becoming  larger  and  larger,  at  length  open  into  the  hearty 

organ  which,  as  we  have  seen,  is  placed  in  the  thorax. 
Daring  life,  these  tubes  and  the  chambers  of  the  heart, 
^ith  wbioh  tliey  are  connected,  are  all  full  of  liquid,  which 
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13,  for  the  most  part,  that  red  fluid  with  which  we  are  aH 
familiar  as  (ilood. 

The  walls  of  the  heart  are  muscular,  and  contract 
rhythm icaliy,  or  at  regular  intervals.  By  means  of  these 
contractions  the  blood  which  its  cavities  contain  is  driven 
in  jets  out  of  these  cavities  into  the  arteries,  and  thence 
into  the  capillaries,  whence  it  returns  by  the  veins  back 
into  the  heart. 

This  is  the  circulafion  of  the  blood. 

S7.  £xolian^»  of  the  Blood. — Now  the  fluid  containing 
the  dissolved  or  suspended  nutritive  matters  which  are  the 
result  of  the  process  of  digestion,  traverses  the  verj-  thin 
layer  of  soft  and  permeable  tissue  which  separates  the  cav- 
ity of  the  alimentary  canal  from  the  cavities  of  the  innu- 
merable capillary  vessels  which  lie  in  the  walls  of  that 
canal,  and  so  enters  the  blood,  with  which  those  capillaries 
are  filled.  Whirled  away  by  the  torrent  of  the  circulation, 
the  blood,  thus  charged  with  nutritive  matter,  enters  the 
heart,  and  is  thence  propelled  into  the  organs  of  the  body. 
To  these  organs  it  supplies  the  nutriment  with  which  it  is 
charged;  from  them  it  taWes  their  waste  products,  and, 
finally,  returns  by  the  veins,  loaded  with  useless  and  in- 
jurioiis  excretions,  which  sooner  or  later  take  the  fonn  of 
water,  carbonic  acid,  and  urea. 

2a  Drainage  of  Waate  Kattera  from  the  Body.— These 
excretionary  matters  are  separated  from  the  blood  by  the 
excretory  organs,  of  which  there  are  three — the  »kin,  the 
lungt,  and  the  kidneys. 

Different  as  these  organs  may  be  in  appearance,  they 
are  constructed  upon  one  and  the  same  principle.  Each, 
in  ultimate  analysis,  consists  of  a  very  thin  slieet  of  tissue, 
like  so  much  delicate  blotting-paper,  the  one  face  of  which 
is  free,  or  lines  a  cavity  in  communication  with  the  exte- 
rior of  the  body,  while  the  other  is  in  contact  with  the 
blood  which  has  to  be  purified. 

The  excreted  matters  are,  as  it  were,  strained  from  the 
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IUood,  through  this  delicate  layer  of  filtering-t issue,  and  on 
to  its  free  surface,  whence  they  make  their  escape. 
Each  of  these  organs  is  especially  coucerncd  in  ttie 
elimination  of  one  of  the  chief  waste  products — water,  car- 
bonic acid,  and  urea — though  it  may  at  the  same  time  be 
a  means  of  escape  for  the  others.  Thus  the  lungs  are 
especially  busied  in  getting  rid  of  carbonic  acid,  but  at  the 
same  time  they  give  off  a  good  deal  of  water.  The  duty 
of  the  kidneys  is  to  excrete  urea  (together  with  other  saliue 
matters),  but  at  the  same  time  they  pass  away  a  large 
quantity  of  water  and  a  trifliug  amount  of  carbonic  acid; 
while  the  shin  gives  off  niucli  water,  some  amount  of  car- 
bonic acid,  and  a  certain  quantity  of  saline  matter,  among 
which  urea  is,  at  all  events,  sometimes  present. 
^^  29.  Sonble  Fnncttoii  of  the  Lnngt. — Finally,  the  lungs 
^■||^ay  a  double  part,  being  not  merely  eliminators  of  waste, 
^^ft(ir  excretionary,  products,  but  importers  into  the  economy 
^H>  of  a  substance  which  is  not  exactly  either  food  or  drink, 
bat  something  aa  important  as  eitber— to  wit,  oxygen.  It 
is  oxygen  whicb  is  the  great  sweeper  of  the  economy.  In- 
troduced by  the  blood,  into  which  it  is  absorbed,  into  all 
•  toraen  of  the  organism,  it  seizes  upon  those  organic  mole- 
<BuleB  which  are  disposable,  lays  hold  of  their  elements,  and 
combines  with  them  into  the  new  and  siiupler  forms,  car- 
bonic acid,  water,  and  urea. 

The  oxidation,  or,  in  other  words,  the  burning  of  these 
matters,  gives  rise  to  an  amount  of  heat  which  is  as  effi- 

■Oient  as  a  fire  to  raise  the  blood  to  a  temperature  of  about 
^00°;  and  this  hot  fluid,  incessantly  renewed  in  all  parts 
of  the  economy  by  the  torrent  of  the  circulation,  warms 
the  body,  as  a  house  is  warmed  by  a  hot-water  apparatus. 

30.  Kegnlative  Action  of  the  Nerree. — But  these  ali- 
mentary, distributive  or  circulatory,  excretory,  and  com- 
buHtive  processes  would  be  worse  than  useless  if  they 
were  not  kept  in  strict  proportion  one  to  another.  If  the 
rtate  of  physiological  balance  is  to  be  maintained,  not  only 
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must  the  quantity  of  aliment  taken  be  at  least  equivalent 
to  the  quantity  of  matter  excreted  ;  but  that  alimeDt  must 
be  distributed  with  due  rapidity  to  the  seat  of  each  local 
waste.  The  circulatory  system  is  the  commissariat  of  the 
physiological  army. 

Again,  if  the  ix>dy  is  to  be  maintained  at  a  tolerably 
even  temperature,  while  that  of  the  air  is  constantly  vary- 
ing, the  condition  of  the  hot-wat«r  apparatus  must  be  most 
carefully  regulated. 

In  other  words,  a  combining  organ  must  be  added  to 
the  organs  already  mentioned,  and  this  is  found  in  the 
nervous  system,  which  not  only  possesses  the  function  al- 
ready described  of  enabling  us  to  move  our  bodies  and  to 
know  what  is  going  on  in  the  external  world  ;  but  makes 
UH  aware  of  the  need  of  food,  enables  us  to  discriminate 
nutritous  from  innutritions  matters,  and  to  exert  the  mus- 
cular actions  needful  for  seizing,  killing,  and  cooking; 
guides  the  hand  to  the  mouth,  and  governs  all  the  move- 
ments of  the  jaws  and  of  the  alimentary  canal.  By  it,  the 
working  of  the  heart  is  properly  adjusted,  and  the  calibres 
of  the  distributing  pipes  are  regulated,  so  as  indirectly  to 
govern  the  excretory  and  combustive  processes.  And  these 
are  more  directly  affected  by  other  actions  of  the  nervous 
system. 

Section  Vn.—Zife  and  Death. 

31.  The  Titnl  Actlom— The  various  functions  which 
have  been  thus  briefly  indicated  constitute  the  greater 
port  of  what  are  called  the  vital  actions  of  the  human 
body,  and,  so  long  as  they  are  performed,  the  body  is  said 
to  possess  li/i.  Tlie  cessation  of  the  [)erformance  of  these 
functions  is  what  is  ordinarily  called  death. 

But  there  are  really  several  kinds  of  death,  which  may, 
in  the  first  place,  be  distinguished  from  one  another  under 
the  two  heads  of  local  and  of  general  death. 

92.  Local  J)eaXiL~Local  death  is  going  on  at  every 
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I  moment,  and  in  most,  it  not  in  all,  parts  ot  the  living 
'    body.     Individual  cells  of  the  epidermis  and  of  the  epithe- 
'  lium  are  incessantly  dying  and  being  cast  off,  to  be  re- 
placed by  others  which  are,  as  constantly,  coming  into 
separate  existence.     The  like  is  true  of  blood-corpuscles, 
and  probably  of  many  other  elements  of  the  tissues. 

Thia  form  of  local  death  is  itiBensible  to  ourselves,  and 
is  essential  to  the  due  maintenance  of  life.  Out,  occasiou- 
ally,  local  death  occurs  on  a  larger  scale,  as  the  result  of 
injury,  or  as  the  consequence  of  disease.  A  bum,  for  ex- 
ample, may  suddenly  kill  more  or  less  of  the  skin ;  or  part 
of  the  tissues  of  the  skin  may  die,  as  in  the  case  of  the 
'  lugh  which  lies  in  the  midst  of  a  boil ;  or  a  whole  limb 
may  die,  and  exhibit  the  strange  phenomena  of  niort\fica- 
tion. 

The  local  death  of  some  tissues  is  followed  by  their 
regeneration.  Not  only  all  the  forma  of  epidermis  and 
I  epithelium,  but  nerve,  connective  tissue,  bone,  and,  at  any 
rate,  some  musiles,  may  be  thus  reproduced,  even  on  a 
large  scale.  Cartilage,  once  destroyed,  is  said  not  to  he 
restored. 

33.  Qeaeral  Death. — General  death  is  of  two  kinds — 
?cUh  of  the  hody  as  a  leho/e,  and  death  of  the  tissues.    By 

.  the  former  term  Is  implied  the  absolute  cessation  of  the 
f  functions  of  the  brain,  of  the  circulatory,  and  of  the  respira- 
I  tory  organs;  by  the  latter,  the  entire  disappearance  of  the 
I  vital  actions  of  the  ultimate  structural  constituents  of  the 
body.  When  death  takes  place,  the  body,  as  a  whole,  dies 
first,  the  deulU  of  the  tissues  sometimes  not  occurring  until 
I  aft«r  a  consiilerabte  interval. 

Hence  it  is  that,  for  some  little  time  after  what  is  ordi- 
I  BarQy  called  death,  the  muscles  of  an  executed  criminal  may 
J  be  made  to  contract  by  the  application  of  proper  sUmiili. 
I  The  muscles  are  not  dead,  though  the  man  is. 

34.  Modes  of  Death.  —  The  modes  in  whi.-h  death  is 
I  brought  about  appear  at  first  sight  to  be  extremely  varied. 
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We  speak  of  natuni]  death  bj  old  age,  or  bj  some  of  the 
endless  funns  of  disease ;  of  violent  death  bj  etarration,  or 
by  the  innumerable  varieties  of  injury,  or  poison.  But,  in 
reality,  the  immediate  cause  of  death  is  always  the  stop- 
page of  the  functions  of  one  of  three  organs ;  the  cerebro- 
spinal nervous  centre,  the  lungs,  or  tlie  heart.  Thus,  a  man 
may  be  instantly  killed  by  such  an  injury  to  a  part  of  the 
brain  which  is  cnlled  the  medulla  oblongata  {»ee  332),  as 
may  be  produced  by  hanging,  or  breaking  the  neck. 

Or  death  may  be  the  immediate  result  of  auffocation  by 
strangulation,  smothering,  or  drowning ;  or,  in  other  words, 
of  stoppage  of  the  respiratory  fimctions. 

Or,  finally,  death  ensues  at  once  when  the  heart  ceases 
to  propel  blood.  These  three  organs — the  brain,  the  lungs, 
and  the  heart — have  been  fancifully  termed  the  tripod  of 
life. 

In  ultimate  analysis,  however,  life  has  but  two  legs  to 
stand  upon,  the  lungs  and  the  heart,  for  death  through  the 
brain  is  always  the  eflFect  of  the  secondary  action  of  the 
injury  to  that  organ  upon  the  lungs  or  the  heart,  Tlie 
functions  of  the  brain  cease,  when  cither  respiration  or 
circulation  is  at  an  end.  But  if  circulation  and  respiration 
are  kept  up  artificially,  the  brain  may  be  removed  without 
causing  death.  On  the  other  hand,  if  the  blood  be  not 
aerated,  its  circulation  by  the  heart  cannot  preserve  life ; 
and,  if  the  circulation  be  at  an  end,  mere  aeration  of  the 
blood  in  the  lungs  is  equally  ineffectual  for  the  prevention 
of  death. 

35,  SiaBOlntlon  of  the  Bod;. — With  the  cessation  of  life, 
the  cvery-day  forces  of  the  inorganic  world  no  longer  remain 
the  servants  of  the  bodily  frame,  as  they  were  during  life, 
but  become  its  masters.  Osygen,  the  sweeper  of  the  living 
organism,  becomes  the  lord  of  the  dead  body.  Atom  by 
atom,  the  complex  molecules  of  the  tissues  are  taken  to 
pieces  and  reduced  to  simpler  and  more  oxidized  sub- 
stances, until  the  soft  parts  arc  dissipated  chielty  in  the 
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Wtorm  of  carbonic  acid,  ammonia,  water,  and  soluble  suits, 
K«Dd  the  bones  and  tcctb  aloue  remoiiu  But  not  even  these 
I  dense  and  earthy  structures  are  competent  to  offer  a  per- 
I  manent  resistance  to  water  and  air.  Sooner  or  later  the 
ftoimal  basis  which  holds  together  the  earthy  salts  decotn' 
poses  and  dissolves — the  solid  structures  become  friable, 
and  break  down  into  powder.  Finally,  they  dissolve  and 
are  diffused  amoog  the  waters  of  the  surface  of  tbo  globe, 
just  as  the  gaseous  products  of  decomposilioQ  are  dissi- 
I  pa  ted  through  its  atmosphere. 

I  It  is  impossible  to  follow,  with  any  degree  of  certainty, 

wanderings  more  varied  and  more  eitcnsive  tlrnn  thoie 
hnagined  by  the  ancient  sages  who  heJd  the  doctrine  of 
transmigratioD ;  but  the  chances  are  that,  sooner  or  later, 
Bomc,  if  not  all,  of  the  scattered  atoms  will  be  gathered 
into  new  forms  of  life. 

The  sun's  raya,  acting  through  the  vegetable  world, 
build  up  some  of  the  wandering  molecules  of  carbonic  acid, 
of  water,  of  animonia,  and  of  salts,  into  the  fabric  of  plants. 
The  plants  are  devoured  by  aniuuils,  animals  devour  one 
another,  man  devours  both  plants  and  other  animals;  and 
hence  it  is  very  possible  that  atoms  which  once  formed  an 
integral  part  of  the  busy  brain  of  Julius  Ctesar  may  now 
enter  into  the  composition  of  Ca»ar  the  negro  in  Alabama, 
and  of  Q^ar  the  housedog  in  an  English  homestead. 

And  thus  there  is  sober  truth  in  the  words  which 
Shakespeare  puts  into  the  mouth  of  Hamlet: 


"  Iniputal  Oatr.  d»d  *Dd  R 
Hl«litRap*tLOlctaiKp(li 
Ota  Uut  Hut  urtb.  obkb  kopt  U>c  KotU 

patch  h  wiU,  't  «ipeJ  Uu  winLer'i  Ihv  I 


....^ 
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CHAPTER    II. 

TUK   TASCtrtAR  BTSTEM   AND  THE   dBCULATIOW. 

Skction  I. —  7'fte  Vascular  System. 

36.  Capillary  VeweU— Almost  all  parts  of  the  body  are 
vascular  ;  that  is  to  say,  they  are  traversed  by  miDutc  and 
very  close-set  canals,  which  open  into  one  another  so  as  lo 
constitute  a  Emall-meshed  net^work,  and  confer  upon  these 
parts  a  spongy  texture.  The  canals,  or  rather  tubes,  are 
provided  with  distinct  but  very  delicate  walla,  composed 
of  a  structureless  membrane  (Fig.  5,  a),  in  which  at  intei^ 
vnls  small  oval  bodies  (Fig.  5,  A),  termed  mteki  {»cf  340), 
are  GUI  bedded. 

These  tubes  are  the  capillaries.  They  vary  in  diameter 
from  tbVt^'^  ^°  iVtni^''  °^  ^^  i"''''  >  ^^^Y  '^^  sometimes  dis- 
posed in  loops,  sometimes  in  long,  sometimes  in  wide, 
sometimes  in  narrow  meshes ;  and  the  diameters  of  these 
meshes,  or,  in  other  words,  the  interspaces  between  the 
capillaries  arc  sometimes  hardly  wider  than  the  diameter  of 
a  capillary,  sometimes  many  times  as  wide  (see  Figs.  19, 
35,  26,  40,  41,  46).  Those  int^rspacea  arc  occupied  by  the 
substance  of  the  tissue  which  the  capillaries  permeate  (Fig. 
5,  c),  so  that  the  ultimate  anatomical  components  of  every 
part  of  the  body  are,  strictly  speaking,  outside  the  vessels, 
or  extrorvascuiar. 

But  there  are  certain  parts  which,  in  another  and  broader 
aense,  are  also  said  to  be  extra-vascular  or  non-vascutar. 
These  are  the  epidermis  and  epithelium,  the  nails  and  hairs, 
the  substance  of  the  teeth,  and  the  cartilages  ;  which  may 
and  do  attain  a  very  considerable  thickness  or  length,  and 
yet  contain  no  vessels.  However,  as  we  have  seen  that  all 
the  tissues  are  really  extra-vascular,  these  differ  only  iu  de- 
gree &om  the  rest.     Tlie  circumstance  that  all  the  tissues 
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arc  outside  the  Tessels  by  no  means  interferes  with  their 
bein^  bathed  by  the  fluid  which  is  inside  the  vessels.  lu 
fact,  the  Willis  of  the  capillariea  are  bo  exceedingly  thia 


Ptr-  B.— DliurnniDuiiUi  r«prMcnl«tlan  of  s  mpllhrf 
a.tlwmtlof  Ihfnplllujwilhb.  tbp  niulel;  e.[iiidel 
•w  U  Klikh  the  opUlort  ki  mppiuHl  to  be  lying;  d.  U 


m;  c^  Uie  dtruiiu-  n'>D-i1riEittfd  m 


that  their  fluid  contents  readily  exude  through  tlie  delicate 
membrane  of  which  they  are  composed,  and  irrigate  the 
tissues  in  which  they  lie, 

37.  The  Smaller  Arteries  and  Teina. — Of  the  capillary 
tubes  thus  described,  one  kind  contains,  during  life,  the 
red  fluid,  blood,  while  the  others  are  filled  with  a  pale, 
watery,  or  milky  fluid,  termed  lymph,  or  cAi/fe,  The  capil- 
laries, which  contain  blood,  are  continued  on  diff'erent  sides 
into  sotnewhat  larger  tubes,  with  thicker  walls,  which  are 
the  smallest  arteriea  and  vei»s. 

The  mere  fad  that  the  walls  of  these  vessels  are  thicker 
than  those  of  the  capillaries  constitutes  an  important  difiei^ 
eoce  between  the  capillaries  and  the  small  arteries  and 
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veins ;  ior  the  walls  of  the  latter  are  thus  rendered  far 
lees  permeable  to  fluids,  and  tliat  thorough  irrigation  of 
the  tissues,  which  is  effected  by  the  capillaries,  caunot  be 
performed  by  them. 

The  most  important  difference  between  these  vessels 
and  the  capillaries,  however,  lies  in  the  circumstance  that 
their  walls  are  not  only  thicker,  but  also  more  complex, 
being  composed  of  several  coats,  one,  at  least,  of  which  is 
muscular.  The  number,  arrangement,  and  even  nature  of 
these  coats  differ  according  to  the  size  of  the  vessels,  and 
are  not  the  same  in  the  veins  as  in  the  arteries,  thou^  tlie 
smallest  veins  and  arteries  tend  to  resemble  each  other. 

3S.  Btmotnre  of  the  Arteriet. — If  we  take  one  of  the 
smallest  arteries,  we  find,  first,  a  very  delicate  lining  of 
cells  constituting  a  sort  of  e pi  1  helium  (Fig.  6,  a).  Outside 
this  (separated  from  it  by  a  structureless  membrane.  Fig. 
6,  b)  comes  the  muscular  coat  of  the  kind  called  plain  or 
non-striated  muscle  {see  355),  made  up  of  flattened,  spin- 
dle-shape bands  or  fibres,  which  are  wrapped  round  the 
vessel  (Fig.  6,  c). 

Outside  the  muscular  coat  ia  a  sheath  of  fibrous  or  con- 
nective tissue  (Fig.  6,/"). 

In  the  smallest  arteries  there  is  but  a  single  layer  of 
these  muscular  fibres,  encircling  the  vessel  like  a  series  of 
rings ;  but,  in  the  larger  arteries,  there  are  several  layers 
of  circular  muscular  hhres,  variously  bound  together  with 
fibrous  and  elastic  tissue,  though,  as  the  vessels  get  larger, 
the  quantity  of  muscular  tissue  in  them  gets  relatively  less. 

39.  Contraotility  of  the  Taicolar  Fibna. — fJow,  these 
plain  muscular  fibres  possess  that  same  power  of  contrac- 
tion, or  shortening  in  the  long,  and  broadening  in  the 
narrow,  directions  which,  as  was  stated  in  the  preceding 
chapter,  is  the  special  property  of  muscular  tissue.  And, 
when  they  exercise  this  power,  they,  of  course,  narrow  the 
calibre  of  the  vessel,  just  as  squeezing  it  in  any  other  way 
would  do ;  and  this  contraction  may  go  so  far  as,  in  some 
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cases,  to  reduce  the  cavity  of  the  vessel  almost  to  nothing, 
and  to  render  it  practically  impervious, 

40.  Circnlotuig  Veneli  controlled  by  nerrea. — Tlie  state 
of  conlractioQ  of  these  muscles  of  the  small  arteries  and 
veins  is  regulated,  like  that  of  other  muscles,  by  their 
nerves;  or,  in  other  words,  the  nerves  supplied  to  the 
vessels  determine  whether  the  passage  through  these  tubes 
should  be  wide  and  free,  or  narrow  and  obstructed.  Thus, 
while  the  small  arteries  and  veins  lose  the  function,  which 
the  capillaries  possess,  of  directly  irrigating  the  tissues  by 
transudation,  they  gain  that  of  regulating  the  supply  of 
fluid  to  the  Irrigators,  or  capillaries  themselves.  The  con- 
traction, or  dilatation,  of  the  arteries  which  supply  a  set 
of  capillaries,  comes  to  the  same  result  as  lowering  or  rais- 
ing the  sluice-gates  of  a  system  of  irrigation-canals. 

41.  Differences  between  Arteries  and  Veins. — The  small- 
er arteries  and  veins  severally  unite  into,  or  are  branches 
of,  larger  arterial  or  venous  trunks,  which  again  spring 
from  or  unite  into  still  larger  ones,  and  these,  at  length, 
communicate  by  a  few  principal  arterial  and  venous  trunks 
with  the  heart. 

The  smallest  arteries  and  veins,  as  we  have  seen,  are 
similar  in  structure,  but  the  larger  arteries  and  veins  dilTcr 
widely  ;  for  the  larger  arteries  have  walls  so  thick  and 
stout  that  they  do  not  sink  together  when  empty ;  and 
this  thickness  and  stoutness  arises  from  the  circumstance 
that  not  only  is  the  muscular  coat  very  thick,  but  that,  in 
addition,  and  more  especially,  several  layers  of  a  highly- 
elastic,  strong,  fibrous  substance  become  mixed  up  with 
the  muscular  layers.  Thus,  when  a  large  artery  is  pulled 
out  and  let  go,  it  stretches  and  returns  to  its  primitive 
dimensions,  almost  like  a  piece  of  India-rubber. 

The  larger  veins,  on  the  other  hand,  contain  but  Uttle 
of  either  elastic  or  muscular  tissue.  Hence,  their  walls  are 
thin,  and  they  collapse  when  empty. 

This  is  one  great  difference  between  the  larger  arteries 
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and  the  veins ;  the  other  is  the  prescDce  of  what  are  termed 
valvet  in  a  great  many  of  the  veins,  especially  in  those 
which  lie  in  muscular  parla  of  the  body.  ITiey  are  absent 
in  the  largest  trunks,  and  in  the  smallcftt  branches,  and  in 
all  the  divisions  of  the  portal,  pulmonary,  and  cerebral 

42.  Action  of  the  Valves  of  the  Veiiu,— These  valves 
are  pouch-like  folds  of  the  iiizier  wail  of  the  vein.  The 
bottom  of  the  pouch  is  turned  towards  those  capillaries 
from  which  the  vein  springs.  The  free  edge  of  the  pouch 
is  directed  the  other  way,  or  towards  the  heart.  The  action 
of  these  pouches  is  to  impede  tlie  passage  of  any  fluid  from 
the  heart  towards  the  capillaries,  while  they  do  not  inter- 
fere with  fluid  passing  in  the  opposite  direction  (Fig.  7), 
The  working  of  some  of  these  valves  may  be  very  easily 
demonstrated  in  the  living  body.  When  the  arm  is  bared, 
blue  veins  may  be  seen  running  from  the  band,  under  the 
skin,  to  the  upper  arm.  The  diamet«r  of  these  veins  is 
pretty  even,  and  diminishes  regularly  towards  the  hand,  bo 
long  as  the  current  of  the  blood,  which  is  running  in  them, 
from  the  hand  to  the  upper  arm,  is  uniiilerrupted. 


lowud  Ue  luiut ;  i; 


But,  if  a  finger  be  pressed  upon  the  upper  part  of  one 
of  these  veins,  and  then  passed  downwards  along  it,  so  as 
to  drive  the  blood  which  it  contains  backwards,  sundry 
swellings,  like  little  knots,  will  suddenly  make  their  ap- 


THE  VA8CCLAR  SYSTEM. 

pearance  at  several  points  in  the  length  of  the  vein,  where 
notliing  of  the  kind  was  visible  before.  These  swellings 
are  simply  dilaUitionB  of  the  wall  of  the  vein,  caused  by 
tbe  pressure  of  the  blood  on  that  wull,  above  a  valve 
which  op[>oscs  its  backward  progress.  The  moment  the 
backward  impulse  ceases,  the  blood  flows  on  again ;  the 
valve,  swinging  back  towards 'the  wall  of  the  vein,  affords 
DO  obstacle  to  its  progress,  and  the  distcntioD  caused  hy 
its  pressure  disappenrs  (Fig,  7). 

The  only  arteries  which  possess  valves  are  the  primary 
trunka  —  the  aorta  and  pulmooaij  artery  —  which  spring 
from  tbe  heart,  and  they  will  bo  best  considered  with  the 
latter  organ. 

43.  The  Lyiapliatic& — Besides  the  capillary  net-work 
and  the  trunka  connected  with  it,  which  constitute  the 
blood-vascular  system,  all  ports  of  the  botly  which  possess 
blood-capillaries — except  the  brain'  and  spinal  cord,  the 
eyeball,  the  gristles,  tendons,  and  perhaps  the  bones ' — 
also  contain  another  set  of  what  are  tcraied  lympJiatic 
capillaries,  mixed  up  with  those  of  the  blood-vascular  sys- 
tem, but  not  directly  communicating  with  them,  and,  in 
addition,  difFering  from  the  blood-capillariea  in  being  con- 
nected with  larger  vessels  of  only  one  kind.  That  is  to 
say,  they  open  only  into  trunks  which  carry  fluid  away 
from  them,  there  being  no  large  vessels  which  bring  any 
thing  to  them. 

These  trunks  further  resemble  the  small  veins  in  being 
abundantly  provided  with  valves,  which  freely  allow  of  the 
passage  of  liquid  from  the  lymphatic  capiUaries,  but  ob- 
struct the  flow  of  any  thing  the  other  way.  But  the  lyui- 
pbatic  tninks  differ  from  the  veins,  ^in  that  they  do  not 
ni|ndly  unite  into  larger  and  larger  trunks,  which  present 
a  continually  increasing  calibre,  and  allow  of  a  flow  with- 
out interruption  to  the  heart. 


Il  DM  jet  iMl*llieU>rll>'  di 
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Oil  the  contrary,  reniuiniiig  uearly  of  the  same  size, 
tbej,  at  intervals,  enter  and  ramify  in  rounded  bodies 
called  lymphtitic  glanda,  whence  new  lymphatic  trunks 
arise  (Fig.  8).  In  these  glands  the  lymphatic  capillaries 
and  passages  are  closely  interlaced  with  blood-cap  illaries. 


^K  tue  root  I 

^H        Teins  wh 
^^k        head  and 


]«  culled.   Thcie  ganglia  in 

Sooner  or  later,  however,  the  great  majority  of  the 
smaller  lymphatic  trunks  pour  their  contents  into  a  tube, 
which  is  about  as  large  as  a  crow-quill,  lies  in  front  of  the 
backbone,  and  is  called  the  thoracic  duct.  This  opens  at 
the  root  of  the  neck  into  the  conjoined  trunks  of  the  great 
Teins  which  bring  back  the  blood  from  the  left  side  of  the 
head  and  the  left  arm  (Fig.  9).    The  remaining  lymphatics 
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IKTB  connected  by  u  coniDion  canal  with  the  corresponding 
vein  on  the  right  side. 
Where  the  principal  tninke  of  the  lymphatic  system 
open  into  the  veins,  ^"alves  ore  placed,  vhich  allow  of  the 
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passage  of  fluid  only  from  the  lymphatic  to  the  vein,  "Thus 
the  lymphatic  vessels  are,  as  it  were,  a  part  of  the  Tenous 
system,  though,  by  reosgo  of  these  valves,  the  fluid  which 
is  coiitaiDed  in  the  veins  cannot  get  into  the  lymphatics. 
On  the  other  hand,  every  facility  is  afforded  for  the  pas- 
sage into  the  veins  of  the  fluid  contained  in  the  lymphatics. 
Indeed,  in  consequence  of  the  numerous  valves  in  the  lym- 
phatics, every  pressure  on  and  contraction  of  their  walls, 
not  being  able  to  send  the  fluid  backwani,  must  drive  it 
more  or  less  forward  towards  the  veins. 

44.  The  Lacteali. — ^The  lower  part  of  the  thoracic  duct 
is  dilated,  and  is  termed  the  receptacle,  or  cistern,  of  the 
chyle  {a.  Fig.  9).  In  fact,  it  receives  the  lymphatics  of  the 
intestines,  which,  though  they  difier  in  no  eseential  respect 
from  other  lymphatics,  arc  called  lacteals,  because,  after  a 
meal  containing  much  fatty  matter,  they  are  filled  with  a 
milky  fluid,  which  is  termed  the  chyle.  Tlie  lacteals,  or 
lymphatics  of  the  smaU  intestine,  not  only  form  net-works 
in  its  walls,  but  send  blind  prolongations  into  the  little 
velvety  processes  termed  t'illi,  with  which  the  mucous 
membrane  of  that  intestine  is  beset  (see  189).  The  trunks 
which  open  into  the  net-work  lie  in  the  mesentery  (or  mem- 
brane which  suspends  the  small  intestine  to  the  back  wall 
of  the  abdomen),  and  the  glands  through  which  these  trunks 
lead  are  hence  termed  the  mesenteric  fflands. 

Section  II. —  Connections  and  Structure  of  tin  Heart. 

4&.  The  Heart  and  tbe  Great  VesaeU—It  will  now  be 
desirable  to  take  a  general  view  of  the  arrangement  of  all 
these  diflerent  vessels,  and  of  their  relations  to  the  great 
central  organ  of  the  vascular  sj-8tem — ^the  heart  (Fig.  10). 

All  the  veins  of  every  part  of  the  body,  except  tie 
lungs,  the  heart  itself,  and  certain  viscera  of  the  abdomen, 
join  together  into  larger  veins,  which,  sooner  or  lat«r,  open 
into  one  of  two  great  trunks  {Fig.  10,  V.C.S.,  V.C.I.), 
termed  the  sujjerior  and  the   inferior  vena  cava,  which 
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All  the  arteries  of  evety  part  of  the  body,  except  the 
lunga,  are  more  or  leas  remote  branches  of  one  great  tnitik 
— the  aorta  (Fig.  10,  Ao.),  which  sjjrings  from  the  lower 
division  of  the  left  half  of  the  heart. 

The  arteries  of  the  lungs  are  branches  of  a  great  trunk 
(Fig.  10,  P.A.),  springing  from  the  lower  division  of  the 
right  side  of  the  heart.  The  veins  of  the  lungs,  on  the  con- 
tntry,  open  by  four  trunks  into  the  upper  part  of  the  left 
side  of  the  heart  {Fig.  10,  P.  V.}. 

Thus  the  venous  trunks  open  into  the  upper  division  of 
each  half  of  the  heart ;  those  of  the  body  in  general  ioto 
that  of  the  right  half;  those  of  the  lungs  into  that  of  the 
left  half;  while  the  arterial  trunks  spring  &otn  the  lower 
moieties  of  each  half  of  the  lieart,  that  for  the  body  in 
general  from  the  left  side,  and  that  for  the  lungs  from  the 
right  side. 

Hence  it  follows  that  the  great  artery  of  the  body,  and 
the  great  veins  of  the  body,  are  connected  with  <^positB 
sides  of  the  heart;  and  the  great  artery  of  the  lungs,  and 
the  great  veins  of  the  lungs  also,  with  opposite  sides  of 
that  organ.  On  the  other  hand,  the  veins  of  the  body 
open  into  the  same  side  of  the  heart  as  the  artery  of  the 
lungs,  and  the  veins  of  the  lungs  open  into  the  same  sidu 
of  the  heart  as  the  artery  of  the  body. 

48.  Coronary  ArteriM  &nd  Tern.  — The  arteries  which 
open  into  the  capillaries  of  the  substance  of  the  heart  are 
called  eoronarji  arteries,  and  arise,  like  the  other  arteries, 
from  the  porta,  but  quite  close  to  its  origin,  just  beyond 
the  semilunpr  valves.  But  the  coronarr/  vein,  which  is 
formed  by  the  union  of  the  small  veins  which  arise  from 
the  capillaries  of  the  heart,  does  not  open  into  either  of 
the  venaa  cavie,  but  pours  the  blood  which  it  contains  di- 
rectly into  the  division  of  the  heart  into  which  these  cava 
open ;  that  is  to  sav,  into  the  right  upper  division  (Fig. 
17,  /')■ 

47.  Hepatic  VesMb.— The  abdominal  viscera  referred  to 
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above,  the  veinB  of  wbioh  do  not  take  the  usual  course,  are 
the  §toinacb,  the  mtestinea,  the  spleen,  and  the  pancreas. 
These  veins  all  combine  into  a  single  trunk,  which  is  termed 
the  vena  porta  (Fig,  10,  V.P.),  but  this  trunk  does  not 
open  into  the  vena  cava  inferior.  On  the  contrary,  having' 
reached  the  liver,  it  enters  the  substance  of  that  organ,  and 
breaks  up  into  an  immense  multitude  of  capillaries,  which 
nimify  through  the  liver,  and  become  connected  with  those 
into  ivhich  the  artery  of  the  liver,  called  the  hepatic  artery 
(Fig.  10,  ILA.),  branches.  From  this  common  capillary 
mesh-work  veins  arise,  and  unite,  at  length,  into  a  single 
trunk,  the  hepatic  vein  (Fig.  10,  H.  K),  which  emerges  from 
the  liver,  and  opens  into  the  inferior  vena  cava.  The  por-"\ 
tal  vein  is  the  only  great  vein  in  the  body  which  branches 
out  and  becomes  continuous  with  the  capillaries  of  an  or-/ 
gan,  like  an  artery. 

4B.  The  Heart.— The  heart  {Figs.  11  and  13),  to  which 
all  the  vessels  in  tlie  body  have  now  been  directly  or  in- 
directly traced,  is  an  organ,  the  size  of  which  is  usually 
roughly  estimated  as  equal  to  that  of  the  closed  fist  of  the 
person  to  whom  it  belongs,  and  which  has  a  broad  end 
turned  upwards  and  backwards,  and  rather  to  the  right  side, 
called  its  bfite  ;  and  a  pointed  end,  which  is  called  its 
apex,  turned  downwards  and  forwards,  and  to  the  left  side, 
so  as  to  lie  opposite  the  interval  between  the  fifth  and 
flixth  ribs. 

It  is  lodged  between  the  lungs,  nearer  the  &ont  than 
the  back  wall  of  the  chest,  and  is  inclosed  in  a  sort  of 
double  bag — the  pericardium  (Fig.  12,  p.).  One-half  of 
the  double  bag  ia  closely  adherent  to  the  heart  itself,  form- 
ing a  thin  coat  upon  its  outer  surface.  At  the  base  of  the 
heart,  this  luilf  of  the  bag  passes  on  to  the  great  vessels 
which  spring  from,  or  open  into,  that  organ;  and  becomes 
continuous  with  the  other  half,  which  loosely  envelops  the 
heart  and  the  adherent  half  of  the  bag.  Between  the  two 
b^ers  of  the  pericardium,  consequently,  there  is  a  oom- 
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pletely-closed,  narrow  cavitj,  lined  by  an  epithelium,  and 
secreting  into  it*  interior  a  small  quantity  of  clear  fluid.' 
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«;ted  be- 


The  outer  layer  of  the  perirardium  is  finuly  c 
low  with  the  upper  Biirface  of  the  diaphragm. 

But  the  heart  cannot  be  said  to  depend  alto^tber  ujjon 
the  diaphragm  for  support,  inasmuch  as  the  great  vesseb 
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which  issue  from  or  enter  it— anJ  for  the  most  part  pass 
upwards  from  its  base — help  to  suspend  and  keep  it  in  place. 
49.  The  Anriclea  and  Veutriclei.  —  Thus  the  heart:  is 
coated,  outside,  by  one  layer  of  the  pericardium.  Inside, 
it  contains  two  great  cavities  or  "divisions,"  as  they  have 
been  termed  above,  completely  separated  by  a  fixed  pai^ 
tition  which  extends  from  the  base  to  the  apex  of  the  heart ; 
and,  consequently,  having  no  direct  communication  with 
one  another.  Each  of  these  two  great  cavities  is  further 
subdivided,  not  longitudinally  but  transversely,  by  a  inov- 
able  partition.  The  cavity  above  the  transverse  partition, 
OD  each  side,  ie  called  the  auricle  /  the  cavity  below,  the 
Wtntri^ — right  or  left  as  the  c^se  may  be. 
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capacity,  and  is 
I  cubic  ioches  of  water. 
The  walls  of  the  auriclca  are  mucb  thinner  than  those  of 
the  ventricles.      The  wall  of  the  left  ventricle  is  much 
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tliicker  than  that  of  tlie  right  ventricle ;  but  no  such  dif- 
ference is  perceptible  between  the  two  auricles  (Figs.  14 
and  15,  1  and  3). 

S^SO.  Tlieir  Unequal  Work. — In  fact,  as  we  shall  see,  the 
ventricles  have  more  work  to  do  than  the  auricles,  and  the 
left  ventricle  more  to  do  than  the  right.  Hence  the  ven- 
tricles have  more  muscular  substance  than  the  auricles,  and 
the  left  ventricle  than  the  right ;  and  it  ia  this  exoess  of 
muscular  substance  which  gives  rise  to  the  excess  of  thick- 
ness observed  in  the  left  ventricle. 

61.  Hnaoular  Fibres  and  Fibroiu  Bings. — The  muscular 
fibres  of  the  heart  are  not  smooth,  nucleated  bands,  like 
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I  those  of  the  vessels,  but  are  bundles  of  transversely- striped 
ft  fibres,  and  resemble  those  of  the  chief  muscles  of  the  body, 
[  except  that  they  have  no  sheath,  cr  sarcolemma,  such  us 
e  shall  find  to  exist  in  the  latter. 
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Almost  the  whole  mass  of  the  heart  is  made  up  of  these 
fibres,  which  have  a  very  remarkable  and  complex 
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arrangemeiit.  Tbcre  is,  however,  &n  internal  raembranouB 
and  epithelial  litiiog,  called  the  endocanlium  ;  and,  at  the 
junction  between  the  auricle b  and  ventrieles,  the  apertures 
of  commuoication  between  their  cavities,  culled  the  mt- 
riculo-veiitrioilar  apertures,  are  etrengtlieued  by  Jihroue 
rings.  To  these  rings  the  movable  partitions,  or  valves, 
between  the  auricles  and  ventricles,  the  arrangement  of 
wliieh  must  next  be  considered,  are  attai'hed. 

S2,  Talvea  of  the  Heart ;  their  Stmctnie  and  Action. — 
There  are  three  of  these  partitions  attached  lo  the  circum- 
ference of  the  right  auriculo-ventricujar  aperture,  and  two 
to  that  of  the  left  (Figa.  14,  15,  16,  17,  (  c,  m  v).  Each  is 
a  broad,  thin,  but  very  tough  and  strong  trianguhir  fold  of 
the  endocardium,  attached  by  its  base,  which  joins  on  to 
its  fellow,  to  the  auriculo-ventricular  fibrous  ring;  and 
hanging  with  its  point  downwards  into  the  ventriciilar  cav- 
ity. On  the  right  side  there  are,  therefore,  three  of  these 
broad,  pointed  membranes,  whence  the  wbole  apparatus  ts 
called  the  tric-uspid  vaive.  On  the  left  side  there  are  but 
two,  which,  when  detached  &ora  all  their  connections  but 
the  auriculo-ventricular  ring,  look  something  like  a  bishop's 
mitre,  and  hence  bear  the  name  of  the  mHnd  vulve. 

The  edges  and  apices  of  the  valves  are  not  completely 
free  and  loose.  On  the  contrary,  a  number  of  fine  but 
strong  tendinOTis  cords,  called  chordw  ten<Unece,  connact 
them  with  some  column-like  elevations  of  the  fleshy  sub- 
stance of  the  walls  of  the  ventricle,  wiiich  are  termed 
papillary  muscles  (Figs.  14  and  15,  pp);  similar  column- 
like elevations  of  the  walls  of  the  ventricles,  but,  having 
no  chorda!  lendine<P  attached  to  them,  are  called  columnce 


{ 


It  follows,  from  this  arrangement,  that  the  valves  op- 
pose no  obstacle  to  the  passage  of  fluid  from  the  auricles 
to  the  ventricles;  but,  if  any  should  be  forced  the  other 
way,  it  will  at  once  get  between  the  valve  and  the  wall 
of  the  heart,  and  drive  the  valve  backwards  and  upwards. 
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ventricle  and  the  auricle,  through  vhich  no  fluid  can  pass. 
Where  the  aorta  opens  into  the  left  ventricle,  and  where 
the  pulmonary  artery  opens  into  the  right  ventricle,  another 
valvular  apparatus  is  placed,  cousiating,  in  each  case,  of 
three  pouch-hke  valves,  called  the  semilunar  valves  (Fig. 
lijS.V.f-  Figs.  16  and  17, -4o.-P.^l-),  which  are  similar  to  those 
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of  the  veins.  But,  as  they  are  placed  on  the  same  level  and 
meet  in  the  middle  line,  they  completely  stop  the  passage 
when  any  fluid  is  forced  along  the  artery  towards  the  heart. 
On  the  other  hand,  these  valves  flap  back,  and  allow  any 
fluid  to  pass  from  the  heart  into  the  artery,  with  the  utmost 
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The  action  of  the  auriculo- ventricular  valvea  may  be 
demonatrated  with  great  ease  on  a  sheep's  heart.,  in  wbtch 
tlie  aorta  and  pulmonary  artery  have  boen  tied  and  the 
greater  part  of  the  auricles  cut  awuy,  by  pouring  water 
into  the  ventrielca  through  the  auriculo- ventricular  aper- 
ture. The  tricuspid  and  mitral  valves  then  usually  become 
closed  by  the  upward  pressure  of  the  water  which  gets  be- 
bind  them.  Or,  if  the  ventricles  be  nearly  filled,  the  valves 
may  be  made  to  come  together  at  once  by  gently  squeezing 
the  ventricles.  In  like  manner,  if  the  base  of  the  aorta,  or 
pulmonary  artery,  be  cut  out  of  the  heart,  so  as  not  to  in- 


jure the  semilunar  valves,  water  poured  into  the  upper 
ends  ot  the  vessel  will  cause  its  valves  to  close  tightly, 
and  sUoiv  nothing  to  flow  out  after  the  first  moment. 
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Thus  the  nrrangement  of  the  Buriculo-ventricular  valves 
ia  such,  that  any  fluid  contnined  in  the  chambers  of  the 
heart  can  be  made  to  pass  through  the  auririilo-ventricular 
apertures  in  only  owe  direction :  that  is  to  s.\y-,  from  the 
auricles  Jx>  the  ventricJcs.  On  the  otiier  hanJ,  the  arrange- 
ment of  the  semilunar  values  is  eucb  that  the  fluid  con- 
tents of  the  ventricles  pass  easily  into  the  aorta  and  pul- 
monary artery,  while  none  can  be  made  to  travel  the  other 
way  from  the  arterial  trunks  to  the  ventricles. 

53.  Bhythm  of  lt>  Hovement— Systole  and  Diastole. 
— Like  all  other  muscular  tissues,  the  substance  of  the  heart 
is  tiontraclilc ;  but,  unlike  most  muscles,  the  heart  coi^ 
tains  within  itself  a  something  which  causes  its  differeiil;_^ 
parts  to  contract  in  a  dednite  succesaioQ  and  at  regular 
tervals. 

If  the  heart  of  a  living  animal  be  removed  from  the 
body,  it  will  go  on  pulsating  for  a  longer  or  shorter  time, 
much  as  it  did  while  in  the  body.  And  careful  attention 
to  these  pulsations  will  show  that  they  conBist  of:  1.  A 
simultaneous  eontraction  of  the  walls  of  both  auricles;  2. 
Immediately  following  this,  a  simultaneous  contraction  of 
the  walls  of  bolh  ventricles;  3.  Ttien  comes  a  pause,  or 
state  of  rest;  after  which  the  auricles  and  ventricles  con- 
tract again  in  the  same  order  as  before,  and  their  oontrao- 
tiona  are  followed  by  the  same  pause  as  before. 

If  the  auricular  contraction  be  represented  by  A',  the 
ventricle  by  V,  and  the  pauses  by  — ,  the  series  of  actions 
will  be  as  follows:  A'V  — ;  A'V-  — ;  A"V-— ;  etc 
Thus,  the  contraction  of  the  heart  is  rhi/thmiea!,  two  short 
contractions  of  its  upper  and  lower  halves  respectively  be- 
ing followed  by  a  pause  of  the  whole,  which  occupies  about 
as  much  time  as  the  two  contractions. 

The  state  of  contraction  of  the  ventricle  or  auricle  is 
called  its  systole ;  the  state  of  relaxation,  during  which  it 
undergoes  dilatation,  its  diastoie. 
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I  J     Section  III. —  Working  of  the  Heart  and  Vessels. 

64  Working  of  tha  Heart.  —  Huving  now  acquired  a 
notion  of  tbc  arrangement  of  tlie  different  pipes  and  reser- 
voirs of  the  cireidatory  sjstem,  of  the  position  of  the  valves, 
and  of  the  rhythmical  contractions  of  the  heart,  it  will  be 
eaey  to  comprehend  what  must  happen  if,  when  the  uhole  - 

,   sppamtus  is  full  of  blood,  the  first  step  in  tlie  pulsation  of 

f 'the  heart  occurs  and  the  auricles  contract 

Bj  Uii9  action  each  auricle  tends  to  squeeze  the  fiuid 

1' which  it  contains  out  of  itself  in  two  directions — the  one 
towards  the  great  veins,  the  other  towards  the  ventricles  ; 
and  the  direction  which  llic  blood,  as  a  whole,  will  take, 
will  depend  upon  the  relative  resistance  offered  to  it  in 
these  two  directions.  Towards  the  great  veins  it  is  re- 
Bisted  by  the  mass  of  the  blood  contained  in  the  veins, 

i^Tawards  the  ventricles,  on  the  contrary,  there  is  no  reaist- 
B  worth  mentioning,  inasmuch  as  the  valves  are  open, 
the  walls  of  the  ventricles,  in  their  uncontracted  state,  are 
flaccid  and  easily  distended,  and  the  entire  pressure  of  the 
arterial  blood  is  taken  off  by  the  semilunar  valves,  which 

■  are  aecesaarily  closed. 

Therefore,  when  the  auricles  contract,  only  a  very  little 
of  the  fluid  which  they  contain  wUl  flow  back  into  the  veins, 
and  the  great  proportion  will  pass  into  and  distend  the 
Tentricles.  As  the  ventricles  fill  and  begin  to  resist  fur- 
ther distention,  the  blood,  getting  behind  the  aoriculo-ven- , 
trioular  valves,  will  push  them  towards  one  another,  and 
almost  shut  them.  Tlie  auricles  now  cease  to  contract,  and 
immediately  that  their  walla  relax,  fresh  blood  flows  from 
the  great  veins  and  slowly  distends  them  again. 

But,  the  moment  the  auricular  systole  is  over,  the  ven- 
tricular systole  begins,     Tbc  walls  of  each  ventricle  con- 

]  tract  vigorously,  and  the  first  effect  of  that  contraction  is 

I  to  shut  the  a nriculo- ventricular  valves  completely  and  to 
jtop  ail  egress  towards  the  auricle.    The  pressure  upon  the 
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valves  be»»tnea  very  considerable,  and  they  might  even  be  ' 
driven  upwards,  if  it  were  not  for  tlie  chordce  tendhieoB 
Tvhioli  hold  down  tlieir  edges. 

As  the  contraction  coiitinuca  and  the  capacities  of  the 
ventricles  become  diminished,  the  points  of  the  wall  of  the 
heart  to  which  the  chordm  tendinec^  are  attached  approach 
the  edges  of  the  valves;  aad  thus  there  is  a  tendency  to 
allow  of  a  slackening'  of  these  cords,  which,  if  it  really  took 
place,  might  permit  the  edges  of  the  valves  to  flap  back  and 
so  destroy  their  utility.  This  tendency,  however,  is  coun- 
teracted by  the  chordm  tendineoe  being  connected,  not 
directly  to  the  walls  of  the  heart,  but  to  those  muscular 
pillars,  the  papillary  muscles,  which  stand  out  from  its  sub- 
stance. These  muscular  pillars  shorten  at  the  same  time 
as  the  substance  of  the  heart  contracts ;  and  tlms,  just  so 
far  as  the  contraction  of  the  walls  of  the  ventricles  brings 
the  papillary  muscles  nearer  the  valves,  do  they,  by  their 
own  contraction,  pull  the  chordae  tendmece  as  tight  aa 
before. 

By  the  means  which  have  now  been  described,  the  fluid 
in  the  ventricle  is  debarred  from  passing  back  into  the  aur 
riclej  the  whole  force  of  the  contraction  of  the  ventricular 
walls  is  therefore  expended  in  overcoming  the  resistance 
presented  by  the  semilunar  valves.  This  resistance  has 
several  sources,  being  the  result,  partly,  of  the  weight  of 
the  vertical  column  of  blood  which  the  valves  support ; 
partly,  of  the  reaction  of  the  distended  elastic  walls  of  the 
great  arteries,  and  partly,  of  the  friction  and  inertia  of  the 
blood  contained  In  tlie  vessels. 

It  now  becomes  obvious  why  the  ventricles  have  so 
much  more  to  do  than  the  auricles,  and  why  valves  are 
needed  between  the  auricles  and  ventricles,  while  none  are 
wanted  between  the  auricles  and  the  veins. 

All  that  the  auricles  have  to  do  is  to  fill  the  ventricles, 
which  offer  no  active  resistance  to  that  process.  Hence 
the  thinness  of  the  walls  of  the  auricles,  and  hence  the 
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Heedlessness  of  any  auriculo-Tenous  valve,  the  resistance 
on  the  side  of  the  ventricle  being  so  iusigniljcant  that  it 
gives  way,  at  once,  before  the  pressure  of  the  blo^d  in  the 

On  the  other  hand,  the  ventrifles  have  to  overcome  a 
great  resistance  in  order  to  force  fluid  into  elastic  tubes 
vhich  are  already  full ;  and,  if  there  were  do  auriculo-ven- 
tricular  valves,  the  fluid  iu  the  ventricles  would  meet  with 
less  obstacle  in  pushing  its  way  backwards  into  the  auricles 
and  thence  into  the  veins,  than  in  separating  the  semilunar 
valves.  Hence  the  necessity,  firstly,  of  the  auriculo-ven- 
trioular  valves ;  and,  secondly,  of  the  thickness  and  strength 
of  the  walls  of  the  ventricles.  And  since  the  aorta,  sys- 
teniio  arteries,  capillaries,  and  veins,  form  u  much  larger 
system  of  tubes,  containing  more  fluid  and  offering  more 
resistance  than  the  pulmonary  arteries,  capillaries,  and 
veins,  it  follotvs  that  the  left  ventricle  needs  a  thicker 
muscular  wall  than  the  right. 

66.  The  Working  of  Uie  Arteries.— Thus,  at  every  sys- 
tole of  the  auricles,  the  ventricles  are  filled  and  the  auricles 
emptied,  the  latter  being  slowly  refilled  by  the  pressure  of 
the  fluid  in  the  great  veins,  which  is  amply  sufficient  to 
overcome  the  passive  resistance  of  the  relaxed  auricular 
walls.  And,  at  every  systole  of  the  ventricles,  the  arterial 
systems  of  the  body  and  lungs  receive  the  contents  of  these 
ventricles,  and  the  nearly-emptied  ventricles  remain  ready 
■to  be  refilled  by  the  auricles. 

We  must  now  consider  what  happens  in  the  arteries. 
When  the  contents  of  the  ventricles  are  suddenly  forced 
Into  these  tubes  (which,  it  must  be  recollected,  ore  already 
full),  a  shock  is  given  to  the  entire  mass  of  fluid  which 
they  contain.  This  shock  is  propagated  almost  instanta- 
neously throughout  the  fluid,  becoming  fainter  and  fainter 
in  proportion  to  the  increase  of  the  mass  of  the  blood  iu  the 
capillaries,  until  it  finally  ceases  to  be  discernible. 

If  the  vessels  were  tubes  of  a  rigid  material,  like  gas- 
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pipes,  the  fluid  which  tbe  artericB  coutain  would  be  trana* 
ported  forward  as  far  as  this  impulse  was  competent  to 
carry  it,  at  the  same  instant  as  the  shock,  throughout  their 
whole  extent.  And,  as  the  arteries  open  iulo  the  capilla- 
ries, the  capillaries  into  the  veins,  and  these  into  the  heart, 
ft  quantity  of  fluid  exactly  equal  to  that  driven  out  of  the 
ventricles  would  be  returned  to  ihc  aurit-les,  almost  at  tho 
same  tnoraent  that  the  ventricles  contract. 

However,  the  vessels  are  not  rigid,  but,  on  the  contrary, 
very  yielding  tubes ;  and  the  ^eat  arteries,  as  we  have 
seen,  have  especially  elastic  walls.  What  happens,  then, 
when  the  ventricular  systole  takes  place,  is:  firstly,  the 
production  of  the  general  slight  and  sudden  shock  already 
mentioned ;  and,  secondly,  the  dilatation  of  the  great  ai^ 
teriea  by  the  pressure  of  the  increased  quantity  of  blood 
forced  into  them. 

But,  when  the  systole  is  over,  the  foi'ce  stored  up  in  the 
dilaled  arterial  walls,  in  the  shape  of  elnslic  tension,  cornea 
into  play  and  exerts  a  pressure  on  the  fluid — ^the  first  effect 
of  which  IS  to  shut  the  semilunar  valves ;  the  second,  to 
drive  a  certain  quantity  of  the  fluid  from  the  larger  arteries 
along  the  smaller  ones.  These  it  dilutes  in  the  same  fash- 
ion. The  fluid  at  length  passing  into  the  capillaries,  the 
ejection  of  a  corresponding  quantity  of  fluid  from  them  inio 
the  veins,  and  finally  from  the  veins  into  the  heart,  is  th? 
ultimate  result  of  tlie  ventricular  systole. 

56.  The  Beat  of  the  Heart  —  Several  of  the  practical 
results  of  the  working  of  the  heart  and  arteries  just  de- 
scribed now  become  intelligible.  For  example,  between 
the  fifth  and  sixth  ribs,  on  the  left  side,  a  certain  move- 
ment is  perceptible  by  the  finger  and  by  the  eye,  which  Is 
known  as  the  beatiuif  of  the  heart.  It  is  the  result  of  the 
striking  of  the  apex  of  the  heart  against  the  pericardium, 
and,  through  it,  on  tiie  inner  wall  of  the  chest,  at  this  p»oint, 
at  the  moment  of  the  systole  of  the  ventricles.  When  the 
systole  occurs,  in  fact,  two  things  happen :  in  the  first  place, 
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AS  s  result  of.  the  manneT  in  which  the  muscular  Bbres  of 
the  heart  are  disposed,  its  apex  beiida  upwards  sharply  j 
and,  in  the  second  place,  its  froat  fiice  is  Ibruwn  a  little 
downwards  and  forwards,  iu  cooseqaeuce  of  the  stretching 
sod  elongation  of  the  aorta  by  the  blood  which  is  thrown 
into  it.  The  result  of  one  or  other,  or  both  of  these  actions 
combined,  is  the  upward  and  fonvurd  blow  of  the  apex  of 
tlie  heart  which  we  feel. 

K7.  The  SoniLdB  of  the  He&rt. — Secondly,  if  the  ear  be 
applied  over  the  heart,  certain  sounds  are  heard,  which  re- 
cur with  great  regularity,  at  intervals  corresponding  with 
those  between  every  two  beats.  First  comes  a  longbh  dull 
sound;  then  a  short  sharp  sound;  then  a  pause;  then  the 
long,  then  the  sharp  sound,  then  another  pause ;  and  so  on. 
There  are  many  different  opinions  as  to  the  cause  of  the 
first  sound,  and  perhaps  physiologists  are  not  yet  at  the 
bottom  of  the  matter;  though  the  more  probable  view  is, 
that  part  of  it  b  a  muscular  sound  caused  by  the  contrao- 
tJon  of  the  muscular  fibres  of  the  ventricle,  and  part  is  due 
to  the  tension  of  the  aurieulo-ventricular  valves ;  but  the 
et'cond  sound  is,  without  doubt,  caused  by  the  sudden  clos- 
ure of  the  semilunar  valves  when  the  ventricular  systole 
ends.  That  such  is  the  case  has  been  proved  experiment- 
ally, by  hooting  back  the  eemiiunar  valves  in  a  living  ani- 
mal, when  the  second  sound  ceases  at  once. 

58.  The  Pulse. — ^Thirdly,  if  the  finger  be  plnced  upon 
an  artery,  suoii  as  that  at  the  wrist,  what  is  termed  the 
pulse  will  be  felt ;  that  is  to  say,  the  elastic  artery  dilates 
somewhat,  at  regular  intervals,  which  answer  to  the  beat- 
ings of  the  heart.  The  pulse  which  is  felt  by  the  finger, 
however,  does  not  correspond  precisely  with  the  beat  of  the 
heart,  but  takes  place  a  little  after  it,  and  the  interval  is 
longer  the  greater  the  distance  of  the  artery  from  the  heart. 
The  beat  of  the  artery  on  the  inner  side  of  the  ankle,  for 
example,  is  a  little  later  than  the  beat  of  the  artery  in  the 
temple. 
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The  reason  of  tliis  is  that  the  sense  of  toucb  by  finger 
ie  only  delicate  enough  to  distinguish  the  dilutatiou  of  the 
artery  by  the  wave  of  blood,  which  is  driven  along  it  by 
the  elostiQ  reaction  of  the  aorta,  and  ia  not  competent  to 
perceive  the  first  shock  caused"  by  the  systole.  But,  if,  in- 
stead of  the  fingers,  sufficiently  delicate  levers  were  made 
to  rest  upon  any  two  arteries,  it  would  be  found  that  the 
pulae  really  begins  at  the  same  time  in  both,  the  shock  of 
the  systole  making  itself  felt  all  over  ihe  vascular  system 
at  once  ;  and  that  it  is  only  the  actual  dilatation  of  the  ar- 
terial walls,  which,  traveling  in  the  form  of  a  wave  from 
the  larger  to  the  smaller  arteries,  takes  longer  to  reach  and 
distend  the  more  distant  branch. 

69.  Jetting  of  Blood  from  Cut  Arteriea— Fourtldy,  when 
an  artery  is  cut,  the  outtlow  of  the  fluid  which  it  contains 
IB  increased  hy  jerks,  the  intej-vals  of  which  cojTespond  with 
the  intervals  of  the  beats  of  the  Jieart.  The  cause  of  this 
is  plainly  the  same  as  that  of  the  pulse ;  the  force  which 
would  be  employed  in  distending  the  walls  of  the  artery, 
were  the  latter  entire,  is  spent  in  jerking  the  fluid  out  when 
the  arterj'  is  cut. 

60.  Why  tlie  Capillaries  are  pulseless, — Fifthly,  under 
ordinary  circumstances,  (he  pulse  ia  no  longer  to  be  de- 
tected in  the  capillaries,  or  in  the  veins.  This  arises  from 
several  circumstances.  One  of  them  is  that  the  capacity 
of  the  branches  of  an  artery  is  greater  than  the  capacity 
of  its  trunk,  and  the  capacity  of  the  capillaries,  as  a  whole, 
ia  grater  than  that  of  all  the  small  arteries  put  together. 
Hence,  supposing  the  capacity  of  the  trunk  to  be  10,  that 
of  its  branches  50,  and  that  of  the  capillaries  inta  which 
these  open  100,  it  is  clear  that  a  quantity  of  fluid  thrown 
into  the  trunk,  sufficient  to  dihtte  it  liy  one-tenth,  and  to 
produce  a  very  considerable  and  obvious  effect,  could  not 
distend  each  branch  by  more  than  j'^-th,  and  each  capil- 
lary by  iitTrth  of  its  volume,  an  effect  which  might  be  quite 
imperceptible. 
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But  tbiB  ia  not  al].  Did  the  puke  merely  become  in-  ' 
distinguisliablf  on  account  of  its  division  and  (lisper&ioa 
among  so  many  capillnries,  it  ought  to  be  felt  aguia  whea 
the  blood  is  once  more  gathered  uji  into  a  few  large  venous 
trunks.  But  it  is  not.  The  pulse  is  deliuilely  lost  at  the 
capillaries.  There  is,  under  ordinary  circumstances,  no 
pulse  wliatever  in  tlie  veins,  except  sometimes  a  backward 
pulse  from  the  heart  along  the  great  venous  trunks ;  but 
this  is  quite  another  matter. 

61.  Cause  of  a  Bteady  Capillary  Flov. — This  nctual  loss, 
or  rather  transformation  of  liie  pulse,  is  effectt'd  by  means 
of  the  elasticity  of  the  urteiial  walls,  in  the  following  man- 
ner: 

la  the  first  place,  it  must  be  borne  in  mind  ihut,  owing 
to  the  minute  size  of  the  capillaries  and  small  arteries,  the 
amount  of  friction  taking  place  in  Ihcir  channels  when  the 
blood  is  passing  through  them  is  very  great ;  in  other  words, 
they  offer  a  very  great  resistance  to  the  passage  of  the 
blood. 

TTie  consequence  of  this  ia,  that  the  blood  cannot  get 
through  the  capillaries,  in  spite  of  the  fact  that  their  total 
area  is  so  much  greater  than  that  of  the  aorta,  into  the 
veins  so  fast  as  it  is  thrown  into  the  arteries  by  the  heart 
The  whole  arterial  system,  therefore,  becomes  over-dis- 
tended niih  blood. 

Now,  we  know  by  experiment  that,  under  such  condi- 
tions as  these,  an  elaslic  tube  has  the  power,  if  long  enough 
and  elastic  enough,  lo  change  a  jerked  impulse  into  a  con- 
tinuous flow.  If  a  syringe  (or  one  of  the  elastic  bottles 
now  so  frequently  in  uae)  be  fastened  to  one  end  of  a  long 
glnas  tube,  and  water  lie  pumped  through  the  tube,  it  will 
flow  from  the  far  end  in  jerks,  corresponding  to  the  jerks 
of  the  BjTiiige.  This  will  be  the  case  whether  the  tube  be 
quit«  open  at  the  far  end,  or  drawn  out  to  a  fine  point  s 
as  to  offer  great  resistance  to  the  outflow  of  the  water. 
The  glass  tube  is  a  rigid  tube,  and  there  is  no  elastidty  to 
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be  brought  into  plaj.  If  now  a  long  India-rubber  tube 
substituted  for  the  glass  tube,  it  will  be  found  to  act  difTer- 
ently,  according  as  the  opening  at  the  far  end  is  wide  or 
naiTow. 

If  it  is  wide,  the  water  flows  out  in  jerks,  nearly  as  dis- 
tinct as  those  from  the  gUss  tube.  There  is  little  njsist- 
anoe  to  the  flow,  Uttle  distention  of  the  India-rubber  tube, 
little  elasticity  brought  into  play. 

If,  however,  the  opening  be  narrowed,  as  by  fastening 
to  it  a  stopcock  or  b  glass  tube  drawn  to  a  point,  or  if  a 
piece  of  sponge  be  llirust  into  the  end  of  the  tiihe ;  if,  in 
fact,  in  any  way  resistance  be  offered  to  the  outflow  of  the 
water,  the  tube  becomes  distended,  its  elastiuity  is  brought 
into  play,  and  the  water  flows  out  from  the  end,  not  in 
jerks  but  in  a  stream,  which  is  more  and  more  completely 
continuous  the  longer  and  more  elastic  the  tube. 

Substitute  for  the  sj'ringe  the  heart,  for  the  etopcock 
or  sponge  the  capillaries  and  small  arteries,  for  the  India- 
rubber  tube  tite  whole  arterial  system,  and  you  have  ex- 
actly the  same  result  in  the  living  body.  Through  the 
action  of  the  elastic  arterial  walls  the  separate  jets  from 
the  heart  are  blended  into  one  continuous  stream.  The 
whole  force  of  each  blow  of  the  heart  is  not  at  once  spent 
in  driving  a  quantity  of  blood  out  of  the  capillaries ;  a  part 
only  is  thus  spent,  the  rest  goes  to  distend  the  elastic  ar- 
teries. But,  during  the  interval  between  that  beat  and 
the  next,  the  distended  arteries  are  narrowing  again,  by 
virtue  of  their  elasticity,  and  so  are  pressing  the  blood  on 
into  the  capillaries  with  as  much  force  as  tliey  were  them- 
selves distended  by  the  heart.  Then  comes  another  beat, 
and  the  same  process  is  repeated.  At  each  stroke  the 
elastic  arteries  shelter  the  capillaries  from  part  of  the  sud- 
den blow,  and  then  quietly  and  steadily  pass  on  that  part 
of  the  blow  to  tlie  capillaries  during  the  interval  between 
the  strokes. 

The  liirger  the   amount   of  elasltc   arterial  wall    thus 


brought  into  play,  i.  c,  the  greater  the  distaace  from  tfae 
heart,  the  greater  is  the  fraction  of  each  heart's  Gtroke 
which  is  thus  converted  iiito  a  steady  elastic  pressure  be- 
tweeu  the  beats.  Thus  the  pulse  becomes  less  aud  less 
marked  the  farther  you  go  from  the  heart;  any  given 
length  of  the  arterial  system,  so  to  speak,  being  sheltered 
by  the  lengths  between  it  and  the  heart. 

Every  inch  of  the  arterial  system  may,  in  fact,  be  con- 
sidered as  converting  a  small  fraction  of  the  heart's  jerk 
into  a  steady  pressure,  and  when  all  theso  CractionB  are 
summed  up  together  in  the  total  length  of  the  arterial 
system  no  trace  of  the  jerk  is  left. 

As  the  effect  of  each  systole  becomes  diminished  in  the 
smaller  vessels  by  the  causes  above  mentioned,  that  of  this 
constant  pressure  becomes  more  obvious,  and  gives  rise  to 
a  steady  passage  of  the  fluid  from  the  orleries  towards  the 
veins.  In  this  way,  in  fact,  the  arteries  perform  the  same 
functions  as  the  air-reservoir  of  a  fire-engine,  wliirh  con- 
verts the  jerking  im])u!se  given  by  the  pumja  into  the 
steady  flow  of  the  deli  very -hose. 

62,  Velocity  of  the  Blood  Gnznnt— Such  is  the  gen- 
eral result  of  the  mechanical  conditions  of  the  organs  of 
the  circulation  combined  with  the  rhythmical  activity  of 
the  heart.  Tliis  aetiWty  drives  the  fluid  contained  in 
these  organs  out  of  the  heart  into  the  arteries,  thence  to 
the  capillaries,  and  from  them  through  the  veins  back  to 
the  heart.  And,  in  the  course  of  these  operations,  it  gives 
rise,  inddentally,  to  the  beating  of  the  heart,  the  sounds 
of  the  heart,  and  the  pulse. 

It  has  been  found,  by  experiment,  that  in  the  horse  it 
t^ea  about  half  a  minute  for  any  substance,  as,  for  in- 
stance, a  chemical  body,  whose  presence  in  the  blood  can 
easily  be  recognize*!,  to  coniple  the  circuit,  ex.  gr.,  to  pass 
from  the  jugular  vein  down  through  the  right  side  of  the 
beart,tbe  lungs,  the  leftside  of  the  heart,  up  through  the  ar- 
teries of  the  bead  aud  neck,  and  so  back  to  the  jugular  vein. 
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By  far  the  greater  portion  of  this  half-minute  i 
up  by  the  passage  through  the  capillaries,  ivhere  the  blood 
moves,  it  is  estimated,  at  the  rate  only  of  about  one  and  a 
half  inch  in  a  minute,  whereas  through  the  carotid  artery 
of  a  dog  it  flies  along  at  the  rate  of  aliout  ten  inches  in  a 
second. 

Of  course,  to  complete  the  circuit  of  the  dreulation,  a 
blood-oorpusde  need  not  liave  to  go  through  so  much  as 
half  of  an  inch  of  capillories  in  either  the  lungs  or  any  of 
the  tissues  of  the  body. 

Inasmuch  as  the  force  which  drives  the  blood  on  la  (put- 
ting the  other  comparatively  slight  helps  on  one  side)  the 
beat  of  the  heart  and  that  alone,  however  much  it  may  be 
modified,  as  we  have  seen,  in  character,  it  is  obvious  that 
the  velocity  with  which  the  blood  moves  must  be  greatest 
in  the  aorta  and  diminish  towards  the  capillaries. 

For  with  each  branching  of  the  arteries  the  total  area 
of  the  arterial  system  is  increased,  the  total  width  of  the 
capillary  tubes,  if  they  were  all  put  together  side  by  side. 
being  very  much  greater  than  that  of  the  aorta.  Hence 
the  blood,  or  a  corpuscle,  for  instance,  of  the  blood  being 
driven  by  the  same  force,  viz.,  the  heart's  beat,  over  the 
whole  body,  must  pass  much  more  rapidly  through  Ihe 
aorta  than  tlirough  the  capillary  system  or  any  part  of  that 

It  is  not  that  tlie  greater  friction  in  any  capillaiy 
causes  the  blood  to  flow  more  slowly  there  and  there  only. 
The  resistance  caused  by  the  friction  in  tlie  capillaries  is 
thrown  back  upon  the  aorta,  which  indeed  feels  the  resist- 
ance of  the  whole  vascular  system ;  and  it  is  this  total 
resistance  which  has  to  be  overcome  by  the  heart  before 
the  blood  can  move  on  at  all. 

The  blood  driven  everywhere  by  the  same  force  simply 
moves  more  and  more  slowly  as  it  passes  into  wider  and 
wider  channels.  When  it  is  in  the  capillaries  it  is  slowest; 
after  escaping  from  the  cupillariea,  as  the  veins  unite  into 
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Wg«r  and  lar^r  trunks,  and  hence  as  the  total  venoua 
area  is  g'Ctling  less  and  less,  tbc  blood  moves  again  faster 
anil  fanter  for  just  the  same  retistn  that  iu  the  arteries  it 
moved  slower  and  slower. 

A  very  sitniliir  case  is  that  uf  a  river  widening  out  in  a 
plain  into  a  lake  and  then  contracting  into  a  nurrow  stream 
again.  The  wnter  is  driven  bj  one  force  tliroughout  (that 
of  gravity).  The  current  is  much  slower  in  the  lake  than 
in  the  narrower  river  either  before  or  behind. 


^     SEcnos  IV. — The  General  Circulation. 

63.  The  Cloorse  of  the  Circulation.— It  is  now  neoes- 
saTT  to  trace  the  ejcnct  course  of  the  circulation  as  n  whole. 
And  we  may  conveniently  commence  with  a  portion  of  the 
blood  contained  at  any  moment  in  the  right  auricle.  The 
contraction  of  the  right  auricle  drives  that  fluid  into  the 
right  ventricle ;  the  ventricle  then  contracts  and  forces  it 
into  the  pulmonary  artery  ;  from  hence  it  p.isses  into  the 
oapitiaries  of  the  lungs.  Leaving  these,  it  returns  by  the 
^yt  pulmonary  veins  to  the  left  auricle ;  and  the  contrac- 
tion of  the  left  auricle  drives  it  into  the  left  ventricle. 

The  syslole  of  the  left  ventricle  forces  the  blood  into 
the  aortn,  Tiie  branches  of  the  aorta  convey  it  into  all 
parts  of  the  body  except  the  lungs ;  and  from  the  capil- 
laries of  all  these  parts,  escept  from  those  of  the  intestines 
and  certain  other  viscera  in  the  abdomen,  it  is  conveyed, 
by  vessels  which  gradually  unite  into  larger  and  larger 
traoks,  into  either  the  superior  or  the  inferior  vena  cava, 
which  carry  it  to  the  right  auricle  once  more. 

But  the  blood  brought  to  the  capillaries  of  the  stomach 
and  intestines,  spleen,  and  pancreas,  is  gathered  into  veins 
which  unite  into  a  single  tnmk — the  ««««  portal.  The 
vena  porta?  distributes  its  blood  to  the  liver,  mingling  with 
that  supplied  to  the  capillaries  of  the  same  organ  by  the 
hepatic  artery.  From  these  capillaries  it  is  conveyed  by 
small  veins,  which  unite  into  a  large  trunk — the  hepatic 
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vein,  which  opens  into  the  inferior  vena  cai-a.  The  floi 
of  the  blood  from  the  alxJominal  viscera,  through  the  liv» 
to  the  hepatic  vein,  is  called  the  portal  circulation. 

The  heart  itself  is  supplied  with  blood  by  the  twofl 
coronary  arteries  which  spring  from  the  root  of  the  t 
just  above  two  of  the  semilunar  valves.  The  blood  fiYml 
the  capillaries  of  the  heart  is  carried  back  by  the  coronary  1 
vein,  not  to  either  vena  cava,  but  to  the  right  auricle.  The  | 
opening  of  the  coronary  vein  is  protected  by  a  valve,  80  J 
as  to  prevent  the  riglit  auricle  from  driving  the  venoiia  \ 
blood  which  it  ci.int:iins  back  into  the  vessels  of  the  heart. 

61.  EottteB  of  the  TraveUing  Blood-Particles.— Thus,  the  * 
thortest  possible  course  which  any  particle  of  the  blood  can 
take,  in  order  to  pass  from  one  side  of  the  heart  to  the 
other,  ia  to  leave  the  aorta  by  one  of  the  coronary  arteries, 
and  return  to  the  right  auricle  by  the  coronary  veiiv  And, 
in  order  to  pass  through  the  greale»t  poasihk  number  of 
capillaries  and  return  to  the  point  from  which  it  started,  a 
particle  of  blood  must  leave  the  heart  by  the  aorta  and 
traverse  the  arteries  which  supply  the  ahmentarj-  canal, 
spleen,  and  pancreas.  It  then  enters,  firstly,  the  capil- 
laries of  these  organs ;  secondly,  the  capillaries  of  the 
liver;  and,  thirdly,  after  passing  through  the  right  side  of 
the  heart,  the  capillaries  of  the  lungs,  from  which  it  re- 
turns to  the  iBft  side  and  eventually  to  the  aorta. 

Furthermore,  from  what  has  been  said  respecting  the 
lymphatic  system,  it  follows  that  any  particle  of  matter 
which  enters  a  lacteal  of  the  intestine,  will  reach  the  right 
auricle  by  the  superior  cava,  after  passing  through  the 
lyraph  capillaries  and  channels  of  sundry  Ij'mphatic  glands ; 
while  any  thing  which  enters  the  adjacent  blood-capillary 
in  the  wall  of  the  intestine  will  reach  the  right  auricle  by 
the  inferior  cava,  after  passing  through  the  blood-capil- 
laries of  the  liver. 

65.  HervoTu  Control  of  the  CircnlatioiL — It  has  been 
shown  above  (40)  that  the  sm:ill  arteries  may  be  directly 
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affected  by  the  nervous  systi^m,  whtob  controls  the  Btat« 
of  contractiun  of  tbeir  muscular  ivalls,  and  eo  regulates 
tbeir  culibre.  The  efFect  of  this  power  of  tlie  nervous  sys- 
tem is  to  gire  it  a  certain  oontrol  orertlie  circulation  in 
particular  spots,  and  to  produce  such  a  slate  of  jiffairs 
that,  oltlioiigli  the  force  of  the  lieart  and  lie  general  con- 
dition of  the  vessek  remain  tho  same,  the  state  of  the  cir- 
culation may  be  very  different  in  different  locabties. 

66.  ^qiUnation  of  Bliuhillg. — Blushing  is  a  puiely 
local  modification  of  the  circulation  of  this  kind,  and  it  will 
be  instructive  to  consider  how  a  blush  is  brought  about. 
An  emotion — sometimes  pleasurable,  sometimes  painful — 
tskes  possession  of  the  mind  :  tbereupou  a  hot  ffHsh  is  fell, 
the  skin  grows  red,  and,  according  to  the  intensity  of  the 
emotion,  these  changes  are  confined  to  the  cheeks  only,  or 
extend  to  the  "roota  of  the  hair,"  or  "all  over." 

What  is  tho  cause  of  these  changes  ?  The  blood  is  a. 
red  and  a  hot  fluid ;  the  skin  reddens  and  grows  hot,  be- 
cause its  vessels  contiiin  an  increased  quantity  of  this  red 
and  hot  fluid ;  and  its  vessels  contain  more,  because  the 
Bniall  arteries  suddenly  dilate,  the  natural  moderate  con- 
traction of  tbeir  nuisclea  being  superseded  by  a  state  of 
relaxation.  In  other  words,  the  action  of  the  nerves  which 
cause  this  muscular  contraction  is  suspended. 

On  the  other  hand,  in  many  people,  extreme  terror 
causes  the  skin  to  grow  cold,  and  the  face  to  appear  pale 
and  pinched.  Under  these  circumstances,  in  fact,  the 
supply  of  blood  to  the  skin  is  greatly  diminished,  in  con- 
sequence of  an  escessive  stimulation  of  the  nerves  of  the 
Email  arteries,  which  causes  them  to  contract  and  so  to  cut 
off  the  supply  of  blood  more  or  less  complcliily. 

67.  Experimental  Proof  of  this.— That  this  is  the  real 
\  -state  of  the  case  may  be  proved  experimentally  upon  rub- 
I  Wtfl,  These  animals  may  be  made  to  blush  artificially.  If, 
\  •in  a  rabbit,  the  sympathetic  nerve,  which  sends  branches 
;_  to  the  vessels  of  the  head,  is  cut,  the  ear  of  the  rabbit, 
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which  ia  covered  hy  so  delicate  an  integument  that  the 
changes  in  the  vessels  can  bo  readily  perceived,  at  ODce 
blushes.  That  is  to  say,  tlie  vessels  dilute,  fill  with  blood, 
and  the  ear  becomes  red  and  hot.  Tlie  reason  of  this  ia, 
ibat  when  the  sympathetic  is  cut,  the  nervous  stimulus 
Avhith  ia  ordinarily  sent  along  its  iarancbea  is  interrupted, 
and  the  muscles  of  the  small  vessels,  wbiuh  were  slightly 
contracted,  become  altogether  relaxed. 

And  now  it  is  quite  possible  to  produce  pallor  and  coU- 
in  the  rabbit's  ear.  To  do  this  it  is  only  necessary  to  irri- 
tate the  cut  end  of  the  sympathetic  which  remains  coiK' 
nected  with  the  vessels.  The  nerve  then  becomes  excited, 
BO  that  the  muscular  fibres  of  the  vessels  are  thrown  into  a 
violent  state  of  contraction,  which  diminishes  their  calibre 
so  much  that  the  blood  can  hardly  make  its  way  through 
them.     Consequently,  the  ear  becomes  pale  and  cold. 

68.  Relation  of  thiB  Rervons  Contioi  to  DiBease.  —  Tlie 
practical  importance  of  this  local  control  exerted  by  the 
nervous  system  is  immense.  When  exposure  to  cold  gives 
a  man  catarrh,  or  inflammation  of  the  lungs,  or  diarrhoea, 
or  some  still  mure  serious  afiectiou  of  the  abdominal  via- 
cera,  the  disease  is  brought  about  through  the  nervous 
system.  The  impression  made  by  the  cold  on  the  skin  is 
conveyed  to  the  nervous  centres,  and  so  influences  the  vaso- 
motor ner^-ps  (as  the  nerves  which  govern  the  wiills  of  the 
vessels  are  called)  of  the  organ  affected  as  to  cause  their 
partial  paralysis,  and  produce  that  state  of  congestion  (or 
undue  distention  of  the  vessels)  which  so  commonly  ends 
in  inflammation.     (Sec  327.) 

69.  NeiTOUS  Control  over  the  Heart.— Is  the  heart,  in 
like  manner,  under  the  contol  of  the  central  nervous  system  1 

As  we  nil  know,  it  is  not  under  the  direct  influence  of 
the  will,  hut  every  one  is  no  less  familiar  with  the  fact  that 
the  actions  of  the  heart  are  wonderfully  aficcted  by  all 
forms  of  emotion.  Men  and  women  often  &int,  and  have 
sometimes  been  killed  by  sudden  and  violent  joy  or  aor- 
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IDW;  and,  when  they  faint  or  die  in  this  way,  they  do  so 
because  the  perturbation  of  the  brain  gives  rise  to  a  some- 
thing which  arrests  the  heart  as  dead  as  you  stop  a  stop- 
watch with  a  spring.  On  the  other  hand,  other  emotions 
cause  that  extreme  rapidity  and  violence  of  action  which 
we  call  palpitation. 

Now,  there  are  three  sets  of  nerves  in  the  heart ;  one 
act  are  supplied  by  ganglia,  or  masses  of  nerve-cells,  in  its 
substance  ;  another  set  come  from  the  si/mpathetic  nerve; 
a  third  set  are  branches  of  a  remarkable  nerve,  which  pro- 
ceeds straight  from  the  brain,  and  is  csllcd  the  pneumo- 
gastric  nerve.  There  is  every  reason  to  believe  that  the 
regular  rhythmical  succession  of  tlie  ordinary  contractions 
of  the  heart  depends  upon  the  ganglia  lodged  in  its  sub- 
stance. At  any  rate,  it  is  certain  that  these  iriovemcnta 
depend  neither  on  the  sympathetic,  nor  on  the  pneurao- 
gastric,  since  tliey  go  on  as  well  when  the  heart  is  removed 
from  the  body. 

In  the  neit  place,  there  is  mudi  reason  fo  believe  that 
the  influence  which  increases  the  rapidity  of  the  heart's 
action  is  exerted  through  the  sj-mpathetic 

And,  lastly,  it  is  quite  certain  that  tlie  influence  which 
arrests  the  heart's  action  is  supplied  by  the  pncumogastric. 
This  may  be  demonstrated  in  animals,  such  as  frogs,  with 
great  ease. 

70.  The  Circnlation  diieotly  ohBerred.  —  If  a  frog  be 
pithed,  or  its  brain  destroyed,  so  as  to  obliterate  all  sensi- 
bility, the  animal  will  continue  to  live,  and  its  circulation 
will  go  on  perfectly  well  for  an  indefinite  period.  The  body 
may  be  laid  open  without  causing  pain  or  other  disturb- 
ance, and  then  the  heart  will  be  observed  beating  with 
^reat  regularity.  It  is  possible  to  make  the  heart  move  a 
long  index  backwards  and  forwards;  and  if  frog  and  index 
are  covered  with  a  glass  shade,  the  air  under  which  is  kept 
moist,  the  index  will  vibrate  with  great  steadiness  for  a 
couple  of  days. 
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It  is  easy  to  adjust  to  the  frog  thus  prepared  a  contriy- 
B  by  which  electrical  shocks  may  be  sent  through  the 
I  paeumogaatric  nencs,  so  as  to  irritate  them.    The  moment 
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done  the  index  stops  dead,  and  the  heart  will  be 
found  quiescent,  with  relaxed  and  distended  walls.  After 
a  little  time  the  influence  of  the  pneumogastric  passes  off, 
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the  beftrt  recommences  its  work  as  vigorously  aa  before, 
and  the  index  vibrates  through  the  same  arc  as  formerly. 
"With  careful  manage  men  I,  this  esperiment  may  be  re- 
peated very  many  ticnus ;  and,  after  every  arrest  by  tlie 
irritation  of  the  pneumopistric,  the  heart  resumes  ita  work. 

71.  Proof  of  the  Ciroulatioii  in  Man.  —  The  evidence 
that  the  blood  circulates  in  man,  although  perfectly  conclu- 
sive, ia  almost  all  indifoct.  The  most  important  points  in 
ihe  evidence  are  as  follows : 

In  the  first  place,  the  disposition  and  structure  of  the 
organs  of  circulation,  ami  more  especially  the  arrangement 
of  the  various  valves,  will  not,  as  was  shown  by  Harvey, 
permit  the  blood  to  flow  in  any  other  direction  than  in  the 
one  described  above.  Moreover,  we  can  easily  with  a 
sjTinge  inject  a  fluid  from  the  vena  cava,  for  instance, 
through  the  right  side  of  the  heart,  the  lungs,  the  left  side 
of  the  heart,  tho  arteries,  and  capillaries,  back  to  the  vena 
cava;  but  not  the  other  way.  In  the  second  place,  we 
kuow  that  in  the  living  body  the  blood  is  continually  flow- 
ing in  the  arteries  towards  the  capillaries,  because  when 
an  artery  is  tied,  in  a  living  body,  it  swells  up  and  pulsates 
on  the  side  of  the  ligature  nearest  the  heart,  whereas  on 
the  other  side  it  becomes  craptv,  and  the  tissues  supplied 
by  the  artery  become  pale  from  the  want  of  a  supply  of 
blood  to  their  capillaries.  And  when  we  cut  an  artery  the 
blood  is  pumped  out  in  jerks  from  the  cut  end  nearest  the 
heart,  whereas  little  or  no  blood  cornea  from  the  other  end. 
When,  however,  we  tie  a  vein  the  state  of  things  is  re- 
Tecaed,  the  swelling  taking  place  on  the  side  farthest  from 
the  heart,  etc.,  etc.,  showing  that  in  tho  veins  the  blood 
flows  &om  the  capillaries  to  the  heart. 

But  certain  of  the  lower  animals,  the  whole,  or  parts, 

of  tiie  body  of  which  are  transparent,  readily  afford  direct 

proof  of  the  circulation,  the  blood  visibly  rushing  from  the 

■rteries  into  the  capillaries,  and  from  the  capillaries  into 

I   &o  reins,  bo  long  as  the  animal  is  alive  and  its  heart  is  at 
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toes  is  very  transparent,  and  the  partklea  euspended  in  its 
blood  arc  so  large  tiiat  they  can  be  readily  seen  as  they 
slip  swiftly  along  wilh  the  stroam  of  blood,  when  Ibe  toes 
are  fastened  out,  and  the  intervening  web  is  examined 
under  even  a  low  magnifying  power  (Figs.  18  and  19). 


/ 


CHAPTER    III. 


3  THE  LTMTQ. 


Section  L — Tht  Mkroscopical  Elementt  of  the  Blood. 

72.  How  to  examine  it, — In  order  tc  become  properly 
acquainted  with  the  characters  of  the  blood,  it  is  necessary 
to  examine  it  with  a  microscope  magnifying'  at  least  three 
or  four  hundred  diameters.  Provided  with  this  instrument, 
B  band-lens,  and  some  sb])s  of  thick  and  thin  glass,  the  stu- 
dent will  be  enabled  to  follow  tlie  present  chnjiter. 

The  most  convenient  mode  of  obtaining  small  quantities 
of  blood  for  examination  is  to  twist  a  piece  of  string,  pretty 
tightly,  round  the  middle  of  the  last  joint  of  the  middle,  or 
ring-finger,  of  the  left  hand.  The  end  of  the  finger  will 
immediately  swell  a  little,  and  become  darker  colored,  in 
consequence  of  the  obstruction  to  the  return  of  the  blood 
in  the  veins  caused  by  the  ligature.  '\Mien  Jn  this  con- 
dition, if  it  be  slightly  pricked  with  a  sharp  clean  needle 
(an  operation  which  causes  hardly  any  pain),  a  good-sized 
drop  of  blood  will  at  once  exude.  Let  it  be  deposited  on 
one  of  the  slips  of  thick  glass,  and  covered  lightly  and 
'  gently  with  a  piece  of  the  thin  glass,  so  as  to  spread  it  out 
evenly  into  a  thin  layer.  I>;t  a  second  slide  receive  an- 
other drop,  and,  to  keep  it  from  drying,  let  it  be  put  under 
ftn  inverted  watch-glass  or  winc-gluss,  with  a  bit  cf  wet 
blotting-paper  inside.     Let  a  third  drop  be  dealt  with  in 
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inules  of  « 


salt  beia^  first  i 


t 


way,  1 
added  to  the  drop. 

73.  Iti  Appearance  wbea  magiiifled. — Tu  the  naked  eye  I 
tlie  layer  of  blood  upon  the  6rst  slide  will  ap|x;ar  of  a  pale-  1 
reddish  color,  and  quite  clear  and  homogeneous.  But  on  I 
viewing  it  with  even  a  pocket-lens  its  apparent  homo-  ( 
geneity  will  disappear,  and  it  will  look  like  a  mixture  of 
excessively  fine  yellowish-red  particles,  like  sand,  or  dust^  | 
with  a  watery,  almost  colorless,  fluid.  Iianiediately  after  j 
the  blood  is  drawn,  the  particles  will  appear  to  be  scat-  | 
tered  very  evenly  through  the  fluid,  but  by  degrees  they  | 
aggregate  into  minute  patches,  and  the  layer  of  blood  be-  i 
comes  more  or  leas  spotty. 

The  "  particles  "  are  what  are  termed  the  corpuaelea  of 
the  blood ;  the  nearly  colorless  fluid  in  which  they  are  su* 
pended  is  the  plasma. 

The  second  elide  may  now  be  examined.  The  drop  of 
blood  will  be  unaltered  in  form,  and  may  perhaps  seem  to 
have  undergone  no  change.  But,  if  the  shde  be  inclined, 
it  will  be  found  that  the  drop  no  longer  flows ;  and,  indeed, 
the  slide  may  be  inverted  without  the  disturbance  of  the 
drop,  which  has  become  solidified,  and  may  be  removed, 
with  the  point  of  a  penknife,  aa  a  gelatinous  mass.  The 
mass  is  quite  soft  and  moist,  so  that  this  setting,  or  coagu- 
lation, of  a  drop  of  blood  is  somrthing  very  different  from 
its  drying. 

On  the  tliird  slide,  this  process  of  coagulation  will  be 
found  not  to  have  taken  place,  the  blood  remaining  as  fluid 
as  it  was  when  it  left  the  body.  The  salt,  therefore,  baa 
prevented  the  coagulation  of  the  blood.  Thiia  this  very 
simple  investigation  teaches  th:it  blood  is  composed  of  a 
nearly  colorless  plasma,  in  which  many  colored  corpuscles 
are  suspended ;  that  it  has  a  remarkable  power  of  coagu- 
lating ;  and  that  this  coagulation  may  be  prevented  by  ai^ 
tifioial  means,  such  as  the  addition  of  salt. 

74.  The  BIood-CorpuBclea. — If,  instead  of  using  the  hand 


THE   MICROSCOPIC  ELEMENTS  OF  TUE   DLOOD. 

I  lens,  the  drop  of  blood  on  the  firat  elide  be  placed  under 

*  the  microscopo,  tiie  particles,  or  corpuscles,  of  tlie  blood 
irill  be  found  to  be  bodies  with  very  deiitiite  cbamclei'S, 
and  of  two  kinds,  called  respectively  tbc  red  corpuscles  and 
the  colorless  corpitscles.    The  former  are  much  more  numer- 

I  oua  than  the  lutlcr,  and  have  a  yellowish-red  tin^e ;  while 
the  latter,  somewbat  larger  than  the  red  corpuscloa,  bic,  its 
tbcir  name  implies,  pule  and  devoid  of  coloration. 

75.  Their  Size,  Fonn,  and  Appearance.  —  The  corpus- 

i  cles  diCTer  also  in  other  and  more  important  respects.  The 
T«d  corpuscles  (Fig.  20)  are  flattened  circular  disks,  on  an 
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average  jjVii'^  of  aa  inch  in  diameter,  and  having  about 
one-fourth  of  that  tliicknesg.  It  follows  that  rather  more 
than  ten  millions  of  Ihem  will  lie  on  a  space  one  inch  square, 
and  that  the  voluine  of  each  corpuscle  does  not  exceed 
TjjOTrj^nnprinrt'i  "^  *  cubic  inch. 

The  brOad  faces  of  the  disks  are  not  flat,  but  Bomevhat 
concave,  as  if  they  were  pushed  in  towards  one  another. 
Hence  the  corpuscle  is  thinner  in  the  middle  than  at  the 
edges,  and  when  viewed  under  the  microscope,  by  trans- 
mitted light,  looks  clear  in  the  middle  and  darker  at  the 
edges,  or  dark  ^n  the  middle  and  clear  at  the  edges,  ac- 
cording to  circumstances.  When,  on  the  other  hand,  the 
disks  roll  over  and  present  their  edges  to  the  eye,  they 
look  like  rods.  All  these  varieties  of  appearance  may  be 
made  intelligible  by  turning  a  round  biscuit  or  muffin, 
bodies  similar  in  shape  to  the  red  corpuscles,  in  various 
ways  before  the  eye. 

76.  Stroctnre  and  Cbaj^eg  of  Form. — The  red  corpus- 
cles are  very  soft,  Qcxible,  and  elastic  bodies,  so  that  they 
readily  squeeze  through  apertures  and  passages  narrower 
than  their  own  diameters,  and  immediately  resume  their 
proper  shapes  (Fig.  19,  Q.U.).  The  exterior  of  each  cor- 
puscle is  denser  th.in  its  interior,  which  contains  a  semi- 
fluid, or  quite  fluid  matter,  of  a  red  color,  called  hismoglo- 
bin.  By  proper  processes  this  may  be  resolved  into  an 
albuminous  substance  sometimes  called  globulin,  and  a 
peculiar  coloring  matter,  which  is  called  hamatin.  Tlie 
interior  substance  presents  no  distinct  structure. 

From  the  density  of  the  outer  as  compared  with  the 
inner  substance  of  each  corpuscle,  they  are,  practically, 
small  flattened  bags,  or  sacs,  the  form  of  which  may  be 
changed  by  altering  the  density  of  the  plasma.  Thus,  if  it 
be  made  denser  by  dissolving  saline  substaneei,  or  sugar, 
in  it,  water  is  drawn  from  the  contents  of  the  corpuscle  to 
the  dense  plasma,  and  the  corpuscle  becomes  still  more 
flattened,  airi  very  often  much  wrinkled.     On  the  other 
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liand,  if  tbe  plasma  be  diluted  with  water,  tbe  latter  forces 
itaclf  into  and  dilutes  tin?  coutents  of  the  corpusrle, causing 
the  latter  to  swell  out,  and  even  become  spbericul ;  and, 
by  adding  dense  and  wpuk  solutions  alternately,  the  cor- 
puscles may  be  tnadc  to  bei.iome  succegsively  spberoidol 
and  discoidul.  Exposure  to  carboDic-acid  gas  eeenis  to 
cause  the  corpuscles  to  swell  out ;  oxygeu  gas,  on  tbe  con- 
trary, appears  to  flatten  them. 

77.  The  Colorleu  Corpiucle& — The  colorless  corpuscles 
(Fig.  20,  a  a.,  F.  G.K.)  are  larger  than  the  red  eorpusciea, 
their  average  diameter  being  tVutt*''  ^^  *"  ^'**^'''  They  are 
further  seen,  at  u  glance,  to  differ  from  the  red  corpiisclea 
by  the  estreme  irrcgidarity  of  their  form,  and  by  their 
tendency  ia  attach  themselves  to  tbe  glass  slide,  while 
the  red  corpusoles  float  about  and  tumble  freely  over  one 
another. 

A  still  more  remarkable  feature  of  the  colorless  cor- 
puscles than  the  irregularity  of  their  form  is  the  unceasing 


TariatioD  of  shape  which  they  exhibit.  The  form  of  a  red 
corpuscle  is  changed  only  by  influences  from  without,  such 
as  pressure,  or  tbe  like  ;  that  of  the  colorless  corpuscle  is 
undergoing  constant  alteration,  as  the  result  of  changes 
taking  place  in  its  own  substance.  To  see  these  changes 
well,  a  microscope,  with  a  magnifying  power  of  five  or 
hundred  diameters,  is  requisite  ;  and,  even  then,  they  art 
gradual  that  the  best  way  to  ascertain  their  existence  if 
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mukc  a  drawing  of  a  given  colorless  corpuscle  at  interrals 
of  a  minute  or  two.  This  is  what  bas  been  done  with  the 
corpuscle  represented  in  Fig.  21,  in  wbich  a  represents  the 
form  of  the  corpuscle  wbcn  first  observed ;  fe,  its  form  a 
minute  afterwards ;  c,  that  at  the  end  of  the  second ;  rf, 
that  at  the  end  of  the  third ;  and  e,  tiiat  at  the  end  of  the 
fifth  minute. 

Careful  watching  of  a,  colorless  corpuscle,  in  fact,  shows 
that  every  part  of  ils  surface  is  constantly  changing— 
dergoing  active  contraction,  or  being  passively  dilated  by 
the  contraction  of  other  parts.  It  e.'diibita  coutractUity  in 
ils  lowest  and  most  primitive  form. 

78.  Structure  and  Contractility. — While  they  are  thus 
living  and  active,  no  correct  notion  can  be  formed  of  the 
structure  of  the  colorless  corpuscles.  By  dilutmg  the  blood 
with  water,  or,  still  better,  willi  water  acidulated  with 
acetic  acid,  the  corpuscles  are  killed,  and  become  dis- 
tended, 80  that  tlicir  real  nature  is  shown.  They  are  then 
seen  to  be  spheroidal  bags,  or  sacs,  with  very  thin  walls; 
and  to  oonlain  in  their  interior  a.  fluid  which  is  either 
clear  or  granular,  together  with  a  spheroidal  vesicular 
body,  wbich  is  called  tlKTwwcfciM  (Fig.  20,  A").  It  some- 
times, though  very  rarely,  happens  that  the  nucleus  has  a 
red  tint. 

The  sac-like  colorless  corpuscle,  with  its  nucleus,  (s 
what  is  called  a  nucleated  cell.  It  will  be  obsen-ed  that  it 
lives  in  a  free  state  in  the  plasma  of  the  blood,  and  that  it 
exhibits  an  independent  contractility.  In  fact,  esccpt  that 
it  is  dependent  for  the  conditions  of  its  existence  upon  the 
plasma,  it  might  be  compared  to  one  of  those  simple  or- 
ganisms which  are  met  with  in  stagnant  Water,  and  are 
called  AnKxIife. 

79,  Derivation  of  the  CorpuBcIea— That  the  red  corpus- 
cles are  in  some  way  or  other  derived  fiwm  the  colorless 
corpuscles  may  be  regarded  as  certain :  but  the  steps  of 
the  process  have  not  been  made  out  with  perfect  certainty. 
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There  is  very  great  reason,  however,  for  believing  that  the 
red  corpuscle  is  simply  the  nucleus  of  the  colorless  cor- 
puscle Gonienhat  enlargeil;  flattencil  from  side  to  side; 
changed,  by  development  within  its  interior  of  a  red  color- 
ing-matter ;  and  set  tree  by  the  bursting  of  tlie  sac  or  wall 
of  the  colorless  corpuscle.  In  other  words,  the  red  corpus- 
cle is  a  free  nuclciiG. 

The  origin  of  the  colorless  corpuscles  tiieniselves  is  not 
certainly  determined ;  but  it  is  highly  probable  that  they 
are  constituent  cells  of  jMrticuhr  parts  of  the  solid  sub- 
Btaucc  of  the  body  which  have  been  detached  and  carried 
into  tlie  blood,  and  that  this  process  is  chiefly  effected  in 
what  are  called  the  ductless  glanth  {ate  155),  from  whence 
the  detached  cells  pass,  as  lymph-corptMclea,  directly,  or 
indirectly,  into  the  blood. 

The  following  facts  are  of  importance  in  their  bearing 
on  the  relation  between  the  different  kinds  of  corpuscles : 

(a)  The  invertebrate  animals,'  which  have  true  blood- 
corpuscles,  possess  only  such  as  resemble  the  colorless  cor- 
puscles of  man. 

(b)  The  lowest  vertebrate  animal,  the  laneelot  {Amphi- 
oscus),  possesses  only  colorless  corpuscles;  and  the  very 
jroung  embryos  '  of  all  vertebrate  aniniuls  have  only  color- 
less and  nucleated  corpuscles. 

(c)  All  the  vertebmtcd  animals,  the  young  of  which  are 
bom  firom  eggs,*  have  two  kinds  of  corpuscles^nxtloriesa 
corpuscles,  like  those  of  man,  and  large  red-colored  cor- 
puscles, which  are  generally  oval,  and  further  differ  from 
those  of  man  in  presenting  a  nucleus.  In  fact,  they  are 
simply  the  colorless  corpuscles  enlarged  and  colored. 

((i)  All  animals  which  suckle  their  young  {or  what  are 
called  mammals)  have,  like  mno,  two  kinds  of  corpuscles; 

•uUbiiIs  ilernld  or  hic):bdDf>.  meii  u  InucU,  nulb, 
miluuils  lire  &tht\  UDfbMtt,  repUJoi,  blrda.  and  mim- 
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colorless  ones,  and  small  colored  corpuscles  —  tbe  latter 
being  always  fliittened,  and  devoid  of  any  nucleus.  They 
are  usually  circular,  but  in  the  caiuel  tiibe  tUey  arc  ellip- 
tical. And  it  is  worlhy  of  remark  that,  in  these  animals, 
the  nuclei  of  the  colorless  corpuscles  become  elliplical. 

(e)  The  colorless  corpuscles  differ  much  less  from  one 
another  in  size  and  form,  ia  the  vertebrate  series,  than  the 
colored.  The  latter  are  smallest  in  the  little  musk-deer, 
in  which  animal  they  arc  about  a  quarter  as  large  as  those 
of  a  man.  On  the  other  hand,  the  red  corpuscles  are 
largest  iu  the  Ainphibia  (or  frogs  and  salamanders),  ia 
some  of  which  animals  they  are  ten  limes  as  long  as  in  ' 
man. 

80.  Changes  attending  the  Death  of  the  Blood.— As  the 
blood  dies,  its  several  constituent.^,  which  have  now  been 
described,  undergo  marked  changes. 

The   colorless  corpuscles   lose   their  contractility,   but    i 
otherwise  undergo  little  alteration.     They  tend  to  cohere    i 
neither  with  one  another,  nor  with  the  red  corpuscles,  but 
adhere  to  the  glass  plate  on  which  they  are  placed. 

It  is  quite  otherwise  with  the  red  corpvsdes,  which  at 
first,  as  has  been  said,  float  about  and  roll,  or  slide,  over 
each  other  quite  freely.  After  a  short  time  (the  length  of 
which  varies  in  different  persona,  but  usually  amounts  \o 
two  or  three  minutes),  they  seem,  as  it  were,  to  become 
Btichy,  and  tend  to  cohere ;  and  this  tendency  increases 
until,  at  length,  the  great  majority  of  them  become  ap- 
plied face  to  face,  so  as  to  form  long  series,  like  rolls  of 
coin.  The  end  of  one  roll  cohering  with  the  sides  of  an- 
other, a  net-work  of'various  degrees  of  cloHeness  is  pro- 
duced (Fig.  20,  A.). 

The  corpuscles  remain  tiius  coherent  for  a  certain  length 
of  time,  but  eventually  separate,  and  float  freely  again.  T!ie 
addition  of  a  little  water,  or  dilute  acids  or  saline  solu- 
tions, will  at  once  cause  the  rolls  to  break  up. 

It  is  from  this  running  of  the  corpuscles  together  into 
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pfttolies  of  net-work  tliat  tbe  change  noted  above 
appearances  of  ttie  layer  of  blood,  viewed  with 
arises.     So  long  as  the  corpuscles  ure  eeparate,  tbe  sandy 
appearance  ksts ;  but  when  tliey 
appeals  patchy  or  spotted. 

The  red  corpuscles  rarely,  if  ci 
rolls,  some  always  remaining  free 
In  contact  with 
tbe  ted  corpuscli 


I  together,  the  layer 

r,  all  run  togetlier  into 
the  meshes  of  ibe  neL 
f  subjected  to  pressure,  many  of 
become  covered  with  little  knobs,  so  as 


to  look  like  minute  mulberries — an  appearance  which  has 
been  mistaken  for  a  breaking  up,  or  spontaneous  division, 
of  tlie  corpuscles  (Fig.  30,  U.E,). 

81.  Blood-Cryrtals.— There  is  a  alill  more  rcmaikable 
change  which  the  red  blood -corpusetes  occasionally  un- 
dergo. Under  certain  circumstances,  the  peculiar  red  8ul)- 
etanee  which  forms  the  chief  muss  of  their  eoatents,  anil 
whii^  has  been  called  hmmAglohm  (from  its  readily  break- 
ing up  into  globulin  and  hiematin,  76),  separates  in  a  crys- 
talline form.  In  man,  these  crystals  hare  the  shape  of 
prisms;  in  other  animals  they  take  other  fonns.  Human 
blood  crystallizes  with  difficidty^,  but  that  of  the  Guinea- 
pig,  rat,  or  dog,  much  more  easily.  The  best  way  to  see 
these  biood-crystale  is  to  take  a  little  rat's  blood,  from 
which  the  fibrin  has  been  removed,  shake  it  up  with  a 
little  ether,  and  let  it  stand  in  the  cold  for  some  hours.  A 
sediment  will  form  at  the  bottom,  which,  when  examined 
with  the  microscope,  will  be  found  to  consist  of  long,  nar- 
row orystals.  CrystaUization  is  much  assisted  by  adding 
after  tie  ether  a  small  quantity  of  alcohol. 

i/    Section  IL — Properties  of  the  Blood. 

82.  It«  Co(^^^lation.— When  the  layer  of  blood  has  been 
drawn  ten  or  fifteen  minutes,  the  plasma  will  be  seen  to  be 
no  longer  clear.  It  then  exhibits  multitudes  of  extremely 
delicate  filaments  of  a  suljstance  called  Fibrin,  which  have 
been  deposited  from  it,  and  which  traverse  it  in  all  direo- 
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tions,  uniling'  with  one  another  and  with  the  norpusclcs, 
and  binding  tlie  whole  into  a  semi-solid  mass. 

It  is  thia  deposition  of  fihriii  wliich  ia  the  cause  of  the 
apparent  solidification,  or  coagulation,  of  the  drop  upon 
the  second  slide;  but  the  phenomena  of  coagulation, 
which  are  of  very  great  importance,  cannot  he  properly 
understood  "until  the  behavior  of  the  blood,  when  drawn  in 
larger  quantity  than  a  drop,  has  been  eludied. 

63.  SepBratiOQ  of  its  Coastitnenta.— When,  by  the  or- 
dinary process  of  opening  a  vein  with  a  lancet,  a  quantity 
of  blood  is  collected  into  a  basin,  it  is  at  first  perfectly 
fluid ;  but  in  a  very  few  minutes  it  bccorues,  through 
coagulation,  a  jelly-like  mass,  so  solid  that  the  basin  may 
be  turned  upside-down  without  any  of  the  blood  being 
spilt.  At  first  the  clot  is  a  uniform  red  jelly,  but  very 
soon  drops  of  a  clear,  yellowish,  watcry-looliing  fluid  make 
their  appearance  on  the  surface  of  the  clot,  and  on  the 
eidcs  of  the  basin.  These  drops  incroase  in  number,  and 
run  together,  and  after  a  while  it  has  become  apparent 
that  the  originally ■  uniform  jelly  has  separated  into  two 
very  different  constituents — the  one  a  clear,  yellowish 
liquid  ;  the  other  a  red,  semi-solid  mass,  which  lies  in  the 
liquid,  and  at  the  surface  is  paler  in  color  and  firmer  than 
in  its  deeper  part. 

The  liquid  is  called  the  serum  ;  the  semi  solid  mass  the 
clot,  or  ivassamentum.  Now,  the  clot  obviously  contains 
the  corpuscles  of  the  blood,  bound  together  by  some  other 
substance  ;  and  this  last,  if  a  small  part  of  the  clot  be  es- 
amined  microscopically,  will  be  found  to  be  that  fibrous- 
looking  matter,  fibrin^  which  has  been  seen  forming  in  the 
thin  layer  of  blood.  Thu9  the  clot  is  equivalent  to  the  cor- 
puscles plun  the  lihrin  of  the  plasma,  while  the  serum  is 
the  plasma  minus  the  fibrinous  elements  which  it  con- 
tained. 

81.  The  Bn^-Coat.— The  corpuscles  of  the  blood  are 
slightly  heavier  than  the  plasma,  and  therefore,  when  the 
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blood  is  drawn,  they  sink  very  slowly  towanls  tlie  bottom. 
Ilence  the  upper  pj,rt  of  the  clot  contains  fewer  eorpuacles, 
and  is  lighter  in  color,  thiin  the  lower  part^ — there  being 
fewer  corpuscles  left  in  the  upper  layer  of  plasma  for  the 
fibrin  to  catch  when  it  seta.  And  there  are  some  condi- 
tions of  the  blood  in  which  the  corpuscles  run  together 
much  more  rapidly  and  in  denser  masses  than  usual. 
Hence  they  more  readily  overcoTne  the  resistance  of  the 
plasma  to  their  falling,  just  as  feathers  stuck  togetlier  in 
masses  fall  much  more  rapidly  through  the  air  than  the 
same  feathers  when  loose.  When  this  is  the  case,  the 
upper  stratum  of  plasma  is  quite  free  from  red  corpuaolea 
before  the  fibrin  forms  in  it;  and,  consequently,  the  upper- 
tnost  layer  of  the  clot  is  nearly  white :  it  receives  the  name 
of  the  buffif-cont. 

After  the  clot  is  formed,  the  fibrin  shrinks  and  squeezes 
out  much  of  the  serum  contained  within  its  meshes ;  and, 
other  things  being  equal,  it  contracts  tho  more  the  fewer 
corpuscles  there  are  in  the  way  of  its  shrinking.  Hence, 
when  the  bulTy-coat  is  formcil,  it  usually  contracts  so  much 
as  to  give  the  clot  a  cup-like  uppsr  sur^e. 

Thus  the  bulTy-cont  is  fibrin  naturally  separated  from 
the  red  corpuscles ;  the  same  separation  may  be  effected, 
artificially,  by  whipping  the  blood  with  twigs  as  soon  as  it 
is  drawn,  untU  its  coagulation  is  complete.  Under  these 
circumstances  the  fibrin  will  collect  upon  the  twigs,  and  a 
red  fluid  will  be  left  behind,  consisting  of  the  serum  pltu 
the  red  corpuscles,  and  many  of  the  colorless  ones. 

85.  Conditions  inflnencing  Coagulation. — The  coagula- 
tion of  the  blood  is  hastened,  retarded,  or  temporarily  pre- 
vented, by  many  circumstances. 

(ff)  Temperature.^ A.  high  temperature  accelerates  the 
coagulation  of  the  blood ;  a  low  one  retards  it  very  greatly ; 
and  some  ciperimenters  have  stated  that,  when  kept  at  a 
sufficiently  low  temjjerature,  it  does  not  coagulate  at  all. 

(6)  Tlie  Ad'Htion  of  SoluUe  Matter  to  the  Blood.— iimj 


S4 


ELEMENTARY   PHTSIOLOfiT. 


aaline  substances,  and  more  especially  sulphate  of  soda  and 
common  salt,  dissolved  in  the  blood  in  aufGcient  quantity, 
prevent  its  coagulation  ;  but  coagulation  sets  iu  ^rlieii 
water  is  added,  so  as  to  dilute  the  ftaline  solution. 

(c)  Vontaet  with  Living  or  not  Lioiag  Matter. — Contact 
with  not  living  matter  promotes  tlie  coagulation  of  the 
blocxL  Thus,  blood  drawn  into  a  basui  begins  to  coagu- 
late first  where  it  is  in  contact  with  the  sides  of  the  basin; 
and  a  wire  introduced  uito  a  living  vein  will  become  coated 
with  fibrin,  although  perfectly  fluid  blood  surrounds  it. 

On  the  other  hand,  direct  contact  with  living  matter  re- 
tards, or  altogether  prevents,  the  coagulation  of  the  blood. 
Thus  blood  remains  fluid  for  a  very  long  lime  iu  a  portion 
of  a  vein  which  is  tied  at  each  end. 

ITie  heart  of  a  turtle  remains  alive  for  a  lengthened  pfr 
riod  (many  hours  or  even  days)  after  it  is  extracted  from 
the  body;  and,  so  long  as  it  remains  alive,  the  blood  con- 
tained in  il  will  not  coagulate,  though,  if  a  portion  of  the 
same  blood  be  removed  from  the  heart,  it  will  coagulate  in 
a  few  minutes. 

Blood  taken  from  the  bodv  of  the  turtle,  and  kept  from 
coagulating  by  cold  for  some  time,  may  l>e  poured  into  the 
sepfl rated,  but  still  living,  heart,  and  then  will  not  coagulate. 

Fresh ly-depositRd  fibrin  acts  somewhat  like  living  mat- 
ter, coagulable  blood  remaining  fluid  for  a  long  time  in 
tubes  coated  with  such  (ibrin. 

86.  Katnre  of  the  Process  of  Coagnlation. — Tlie  coagu- 
lation of  the  blood  is  an  altogether  physico  chemical  pro- 
cess, dependent  upon  the  properties  of  certain  of  the  con- 
stituents of  the  plasma,  apart  from  the  vitality  of  that  fluid. 
This  is  prm-ed  by  the  fact  that  if  blood-plasma  be  prevented 
from  coagulating  by  cold,  and  greatly  diluted,  a  current  of 
rarbonic  acid  passed  through  it  will  throw  down  a  white 
powdery  substance.  If  tliis  white  substance  be  dissolved 
in  a  weak  solution  of  common  salt,  or  in  an  extremely 
""'ution  of  potash  or  soda,  it,  after  a  while,  coagulates, 
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rjridds  a  clot  of  true  pure  fibrin.  It  would  be  absurd  to  sup- 
pose that  a  substance  wbich  has  been  precipitated  from  its 
BoluticiQ,  and  rodissolved,  still  remains  olive. 
There  are  reasons  for  believing  that  tliis  white  sub- 
stance consists  of  two  constituenis  of  vcrj  similftr  compo- 
sition, which  exist  apparat*?Iy  in  living  blood,  and  the 
uoioD  of  which  is  the  cause  of  tlie  act  of  coagulation. 
These  reasons  may  be  briefly  stated  thus :  The  pericnr- 
dium  and  other  serous  cavities  in  the  body  contain  a  clear 
fluid,  which  has  csuded  from  the  blood-vessels,  and  con- 
tains the  elements  of  the  blood  without  the  blood-corpua- 
cles.  This  fluid  sometimes  coagulates  spontaneously,  as 
the  blood-plasma  would  do,  but  very  often  shows  no  dis- 
position to  spontaneous  coagulation.  When  this  is  the 
case,  it  may  nevertheless  be  made  to  coagulate,  and  yield 
a  true  fibrinous  clot,  by  adding  to  it  a  little  serum  of  bloo<l. 
Now,  if  serum  of  blood  be  largely  diluted  with  water, 
aod  a  current  of  carbonic-acid  gas  be  passed  through  it,  a 
ifliite  powdery  substance  will  be  thrown  down ;  this,  re- 
dJMOlved  in  a  dilute  saline,  or  extremely  dilute  alkaline 
Bolution,  will,  when  added  to  the  pericardial  fluid,  produce 
even  aa  good  a  clot  as  that  obtained  with  the  original 

This  white  substance  has  been  called  globulin.  It  es- 
isla  not  only  tn  serum,  but  also,  though  in  smaller  quan- 
tities, in  connective  tissue,  in  the  cornea,  in  the  humors  of 
the  eye,  and  in  some  other  fluids  of  the  body. 

It  possesses  the  same  general  chemical  properties  as 
the  albuminous  substance  which  enters  so  largely  into  the 
the  composition  of  the  red  corpuscles  (76),  and  hence,  at 
present,  bears  the  same  name.  But  when  treated  wiih 
cbemioal  reagents,  even  with  such  as  do  not  produce  any 
appreciable  effect  on  its  chemical  composition,  it  very 
speedily  loses  its  peculiar  power  of  causing  serous  fluids 
to  coagulate.  For  instance,  tins  power  is  destroyed  by  an 
excess  of  alkali,  or  by  the  presence  of  acids. 
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Heiice,  though  there  ia  great  reason  to  believe  that  the 
Jidrino-piastic  globulin  (as  it  has  been  called)  which  exists 
in  serum  does  really  come  from  the  red  corpuscles,  the 
globulin  which  is  obtained  in  large  quantities  from  these 
bodies,  by  the  use  of  powerful  reagents,  has  no  coa^kt- 
ing  effect  at  all  on  pericardial  or  other  serous  fluids. 

Tbough  globulin  is  so  susceptible  of  change  when  io 
solution,  it  may  be  dried  at  a  low  temperature  and  kept  in 
the  form  of  powder  for  many  months,  without  losing  its 
voagukting  power. 

Thus  globulin,  added,  under  proper  conditions,  to  serous 
Fusion,  is  a  coagulator  of  that  effusion,  giving  rise  to  the 
development  of  fibrin  in  it. 

It  does  so  by  its  interaction  with  a  substance  contained 
in  the  serous  effusion,  which  can  be  extracted  by  itself,  and 
then  plajfs  just  the  same  part  towards  a  solution  of  globu- 
lin, as  globulin  does  towards  its  solution.  This  substance 
has  been  called  fibrinogen.  It  is  esceedingly  like  globu- 
lin, and  may  be  thrown  down  from  serous  exudation  by 
loarbooic  acid,  just  as  globulin  may  be  precipitated  from 
-um  of  the  blood.  When  rediasolved  in  an  alkaline 
solution,  and  added  to  any  fluid  containing  globulin,  it  ccta 
as  a  coagulator  of  that  fluid,  and  gives  rise  to  the  develop- 
jncnt  of  a  clot  of  fibrin  in  it.  In  accordance  with  what  has 
just  been  stated,  serum  of  blood  which  has  completely 
coagulated  may  be  kept  in  one  vessel,  and  pericardial  fluid 
in  another,  for  an  iodefinite  period,  if  spontaneous  decom- 
position be  prevented,  without  the  coagulation  of  either. 
But  let  them  be  mixed,  and  coagulation  sets  in. 

Thus  it  seems  to  be  clear,  that  the  coagulation  of  the 
blood,  and  the  foniiation  of  fibrin,  are  caused  primarily  by 
the  interaction  of  two  substances  (or  two  modifications  of 
the  same  substance),  globulin  orjlbrtnoplustin  and  filirino- 
ffen,  the  former  of  which  may  be  obtained  from  the  serum 
of  the  blood,  and  from  some  tissues  of  the  body;  while 
le  latter  is  known,  at  present,  only  in  the  plasma  of  the 
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blood,  of  the  lymph,  and  of  the  chyle,  and  in  fluids  derived 
£rom  them. 

87.  The  Physical  Qualities  of  the  Blood.— Tlie  proverb 
that  "  blood  is  thicker  than  water  "  is  literally  true,  as  the 
blood  is  not  only  "  thickened  "  by  the  corpuscles,  of  which 
it  has  been  calculated  that  no  fewer  than  70,000,000,000 
(eighty  times  the  number  of  the  human  population  of  tlie 
globe)  are  contained  in  a  cubic  inch,  but  is  rendered  slightly 
viscid  by  the  solid  matters  dissolved  in  the  plasma.  The 
blood  is  thus  rendered  heavier  than  water,  its  specific  grav- 
ity being  about  1055.  In  other  words,  twenty  cubic  inches 
of  blood  have  about  the  same  weight  as  twenty-one  cubic 
inches  of  water. 

The  corpuscles  are  heavier  than  the  plasma,  and  their 
volume  is  usually  somewhat  less  than  that  of  the  plasma. 
Of  colorless  corpuscles  there  are  usually  not  more  than 
three  or  four  for  every  thousand  of  red  corpuscles ;  but  the 
number  varies  very  much,  increasing  shortly  after  food  is 
taken,  and  diminishing  in  the  intervals  between  meals. 

The  blood  is  hot,  its  temperature  being  about  100° 
Fahr. 

88.  The  Chemical  Compositioii  of  the  Blood.  —  Consid- 
ered chemically,  the  blood  is  an  alkaline  fluid,  consisting 
of  water,  of  solid  and  of  gaseous  matters. 

The  proportions  of  these  several  constituents  vary  ac- 
cording to  age,  sex,  and  condition,  but  the  following  state- 
ment holds  good  on  the  average  : 

In  every  100  parts  of  the  blood  there  are  79  parts  of 
water  and  21  parts  of  dry  solids ;  in  other  words,  the  water 
and  the  solids  of  the  blood  stand  to  one  another  in  about 
the  same  proportion  as  the  nitrogen  and  the  oxygen  of  the 
air.  Roughly  speaking,  one-quarter  of  the  blood  is  dry, 
solid  matter;  three-quarters  water.  Of  the  21  parts  of  dry 
solids,  12  (=  4ths)  belong  to  the  corpuscles.  The  remain- 
ing 9  are  about  two-thirds  (0.7  parts  =  f ths)  albumen  (a 
substance  like  white  of  cggy  coagulating  by  heat),  and 
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one-third  {=  ^th  of  the  whole  solid  matter)  a  mixture  of 
saline,  fatty,  and  eaccbariiie  matters,  suudry  products  of 
the  waste  of  the  body,  and  fibrin.  The  quantity  of  the 
latter  constituent  is  remarkably  small  in  relation  to  the 
conspicuous  part  it  plays  ia  the  act  of  coagulation.  Healthy 
blood,  in  fact,  yields  in  coagulating  not  more  than  from 
two  to  four  parts  in  a  thousand  of  its  weight  of  fibrin. 

The  total  quantity  of  gaseous  matter  contained  in  the 
blood  ia  equal  to  rather  less  than  half  the  volume  of  the 
blood ;  that  is  to  say,  100  cubic  inches  of  blood  will  contain 
rather  less  than  50  cubic  inches  of  gases.  These  gaseous 
matters  are  carbonic  acid,  osygen,  and  nitrogen ;  or,  in 
other  words,  the  same  gases  as  those  which  exist  in  the 
atmosphere,  but  in  totally  different  proportions;  for  where- 
as air  conluins  nearly  three-fourths  nitrogen,  one  fourth 
osygen,  and  a  mere  truce  of  carbonic  acid,  the  average 
composition  of  the  blood  gases  is  nearly  two-thirds  car- 
bonic acid,  rather  less  tLan  one-third  oxygen,  and  not  one- 
ten  tU  nitrogen. 

It  is  important  to  observe  that  blood  contains  much 
more  oxygen  gas  than  could  be  held  in  solution  by  pure 
water  at  the  same  temperature  and  pressure.  This  power 
of  holding  oxygen  appears  in  some  way  to  depend  upon 
the  corpuscles,  firstly,  because  mere  serum  has  no  greater 
power  of  absorbing  oxygen  than  pure  water  has ;  and, 
secondly,  because  red  corpuscles  suspended  in  water  in- 
stead of  serum  absorb  oxygen  very  readily.  The  oxygen 
thus  held  by  the  red  corpuscles  ia  reudily  given  up  by  them 
for  purposes  of  oxidation,  and  indeed  can  be  removed  from 
them  by  means  of  a  mercurial  gas-pump.  It  would  appear 
that  the  connection  between  the  oxygen  and  the  red 
corpuscles  ts  of  a  peculiar  nature,  being  a  sort  of  loose 
chemical  combination  with  one  of  their  constituents,  that 
constituent  being  the  hsemoglobin ;  for  solutions  of  luemo- 
globin  behave  towards  oxygen  exactly  as  blood  does. 

The  corpuscles  differ  chemically  from  the  plasma,  in 
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oontaioiiig  o  large  proportion  of  the  fats  and  phospbates, 
all  the  iron,  and  almost  all  the  potiiah,  of  Ihe  blood  ;  while 
the  phisma,  on  tho  other  hand,  contains  by  far  the  greater 
part  of  tho  chlorine  and  liie  Rodn, 

89.  Influence  of  Age.  Sex,  and  Food,  upon  the  Blood. — 
The  blood  of  adults  contains  n  larger  proportion  of  Bolid 
constituents  than  that  of  children,  and  that  of  men  more 
than  that  of  women;  but  the  difference  of  ses  is  hardly  at 
all  exhibited  by  persons  of  flabby,  or  what  is  called  lym- 
phatic, constitution. 

Animal  diet  tends  to  increase  the  quantity  of  the  red 
corpuscles;  a  vegetable  diet  and  abstinence  to  diminish 
them.  Bleeding  exerciees  the  same  influence  in  a  still  more 
marked  degree,  the  quantity  of  red  corpuscles  being  dimin- 
ished thereby  in  a  much  greater  proportion  than  that  of 
the  other  solid  eonstiliicnts  of  the  blood. 

90.  Total  Qnaiitit7  of  Blood  in  the  Body.— Tho  total 
quantity  of  blood  contained  in  the  body  varies  at  diflerent 
times,  and  the  precise  ascertainment  of  its  amount  is  very 
difficult.  It  may  probublv  be  estimated,  on  the  average, 
at  not  less  than  one-tenth  of  tlie  weight  of  ttic  body. 

81.  Function  of  the  Blood.— The  function  of  the  blood 
is  to  supply  nourishment  to,  and  take  away  waste  matters 
from,  all  parts  of  the  body.  It  is  absolutely  esaenlial  to 
the  life  of  every  part  of  the  body  that  it  should  be  in  such 
relation  with  a  current  of  blood,  that  matters  can  pess 
freely  from  the  blood  to  it,  and  from  it  to  the  blood,  by 
transudation  through  the  walla  of  the  vessels  in  which  the 
blood  is  contained.  And  this  vivifying  influence  depends 
upon  the  corpuscles  of  the  blood.  The  proof  of  these 
statements  hea  tn  the  following  experiments:  If  the  vea- 
sela  of  a  hmb  of  a  living  animal  be  tied  in  such  a  manner 
as  to  cut  off  the  supply  of  blond  from  the  limb,  without 
affecting  it  in  any  other  wny,  all  the  symptoms  of  death 
will  set  in.  Tlie  limb  will  grow  pale  and  cold,  it  will 
lose  its  sensibiUty,  and  volition  will  do  longer  have  power 
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over  it ;  it  will  stiffen,  and  eventtially  mortify  and  decom- 
pose. 

But,  ereii  when  llic  death-Stiffening  lias  begun  to  set 
ill,  if  tlie  ligatures  be  removed,  and  the  blood  be  allowed 
to  flow  iiito  the  limb,  the  stiffening  speedily  ceases,  the 
temperature  of  the  part  rises,  the  sensibility  of  the  skin 
retiuTis,  the  will  regains  power  over  the  muscles,  and,  in 
ebort,  the  part  returns  to  its  normal  condition. 

If,  instead  of  simply  allowing  the  blood  of  the  animal 
operated  upon  to  How  again,  such  blood,  deprived  of  its 
librin  by  whipping,  but  containing  its  corpuscles,  be  arti- 
ficially passed  through  the  vessels,  it  will  be  found  as 
effectual  a  rcBtorative  as  entire  blood  ;  while,  on  the  other 
hand,  the  serum  (^vJiich  is  equivalent  to  whipped  blood 
without  its  corpuscles)  has  no  such  effect. 

It  is  not  necessary  that  the  blood  thus  artiScially  in- 
jected should  be  that  of  the  subject  of  the  experiment. 
Men,  or  dogs,  bled  to  apparent  death,  may  be  at  once  and 
effectually  revived  by  filling  tlieir  veins  with  blood  taken 
ircaa  another  man,  or  dog ;  an  operation  which  is  known 
by  the  name  of  transfusion. 

Nor  is  it  absolutely  necessary  for  the  success  of  this 
operation  that  the  blood  used  in  transfusion  should  belong 
to  an  animal  of  the  same  species.  Tlie  blood  of  a  horse 
will  permanently  revive  an  nss,  and,  speaking  generally, 
the  blood  of  one  animal  may  be  replaced  witliout  injurious 
effects  hy  that  of  another  closely-allied  species ;  while  that 
of  a  very  different  animal  will  be  more  or  less  injiu-ious, 
and  may  even  cause  immediate  death. 

92.  The  Lymph.— The  T^ympk,  which  fills  the  lyniphat^ 
io  vessels,  is,  like  the  blood,  an  alkaline  fluid,  consisting 
of  B  plasma  and  corpuscles,  and  coaguliites  by  the  separa- 
tion of  fibrin  from  the  plasma.  The  lymph  differs  from  the 
blood  in  its  corpuscles  being  all  of  the  colorless  kind,  and 
the  very  small  proportion  of  its  solid  constituents,  which 
amount  to  only  about  five  per  cent,  of  its  weight.     Lymph 
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may,  in  fact,  be  regarded  as  blood  minvi  ii«  red  corpuscles, 
and  diluted  with  water,  so  as  to  be  Bomewhut  lees  dense 
than  the  serum  of  blood,  which  contains  about  eight  per 
cent,  of  solid  matters. 

A  quantity  of  Iluid  equal  to  thai  of  the  blood  is  prob- 
ably poured  into  the  blood,  daily,  from  the  lymphatic  sys- 
tem. This  fluid  is  in  great  measure  the  mere  overflow  of 
_  the  blood  itself— plasma  which  has  exuded  from  the  capil- 
laries into  the  tissues,  and  which  has  not  been  taken  up 
again  into  the  venous  current ;  the  rest  is  due  to  the 
absorption  of  chyle  from  the  alimentary  canal. 


CHAPTER    IV. 


SSSPIUATION. 

Sectio:*  I. — Arterial  ami  Vomits  Blood. 

93.  High  Complexity  of  the  Blood.— The  blood,  the 
general  nature  and  properties  of  which  have  been  described 
in  the  preceding  chapter,  is  the  highly-complex  product, 
not  of  any  one  organ  or  constituent  of  the  body,  but  of  all. 
Many  of  its  features  are  doubtless  given  to  it  by  its  inlrin- 
aic  and  proper  structural  elements,  the  corpuscles;  but  the 
general  character  of  the  blood  is  also  profoundly  affected 
by  the  circumstance,  that  every  other  part  of  the  body 
takes  something  from  the  blood  and  pours  something  into 
it.  The  blood  may  be  compared  to  a  river,  the  nature  of 
tho  contents  of  which  is  largely  detennincd  by  that  of  the 
head-waters,  and  by  that  of  the  animals  which  swim  in  it ; 
but  which  is  also  very  much  affected  by  the  soil  over  wtiich 
it  flows,  by  the  water-weeds  which  cover  its  banks,  and  by 
afllucnts  from  distant  regions;  by  irri  gal  ion- works  which 
are  supplied  from  it,  and  by  dmin-pipes  which  flow  into  it. 

9i.  Blood  readeied  Yodoiu  in  the  Capillarie&— One  of 
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the  moat  remarkable  and  important  of  the  changes  effectt^d 

L  tlie  blood  is  that  which  results,  in  most  parts  of  the 

body,  from  its  simply  paBsing  through  capillaries,  or,  in 

er  words,  through  vessels  the  walls  of  which  are  thin 
enough  to  permit  b  free  exchange  between  the  blood  and 
the  fluids  which  permeate  the  adjacent  tissiiea  (36). 

ThuBj  if  blood  be  taken  from  the  artery  which  supplies 
a  limb,  it  will  be  found  to  have  a  bright-scarlet  color ; 
while  blood  drawn,  at  the  same  time,  from  the  vein  of  the 
limb,  will  be  of  a  purplish  hue,  so  dark  that  it  is  com- 
monly called  "  black  blood."  And,  as  this  contrast  is  met 
with  in  the  contents  of  the  arteries  and  veins  in  general 
(eicept  the  pulmonary  artery  and  veins),  the  scarlet  blood 
13  commonly  known  as  arterial,  and  the  black  blood  as 
venous.  This  conversion  of  arterial  into  venous  blood  takes 
place  in  most  parts  of  the  body,  while  Ufe  persists.     Thus, 

I  limb  be  cut  off  and  scarlet  blood  be  forced  into  its 
arteries  by  a  syringe,  it  will  issue  from  the  reins  as  black 

95,  SifferencB  between  Arterial  and  Tenons  Blood. — 

When  specimens  of  venous  and  of  arterial  blood  are  8u!>- 
jected  to  chemical  examination,  the  differences  presented 
by  their  solid  and  iluid  constituents  are  found  to  be  very 
small  and  inconstant.  As  a  rule,  there  is  rather  more 
water  in  arterial  blood,  and  rather  more  fatty  matter.  But 
the  gaseous  contents  of  the  two  kinds  of  blood  differ  widely 
in  the  proportion  wliioh  the  carbonic-acid  gas  bears  to  the 
oxygen  ;  there  being  a  smaller  quantity  of  oxygen  and  a 
greater  quantity  of  carbonic  acid,  in  venous  than  in  arterial 
blood. 

And  it  may  be  eit  peri  men  tally  demonstrated,  that  this 
difference  in  their  gaseous  conteitts  is  the  only  essential 
difference  between  venous  and  arterial  blood.  For  if  ve- 
nous blood  be  shaken  up  with  osygen,  or  even  with  air,  it 

13  osygen,  loses  carbonic  acid,  and  takes  on  the  color 
And  properties   of  arterial   blood.      Similarly,  if  arterial 
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blood  be  treated  with  carbonic  acid  so  as  to  be  tlioroughljr 
saturated  with  that  fns,  it  gains  carbonic  acid,  loses  oxy- 
gen, and  acquires  the  true  properties  of  venous  blood ; 
though,  for  a  reason  to  be  mentioned  below,  the  change  is 
not  so  complete  in  this  case  as  in  ibe  former.  The  same 
result  is  attained,  though  more  slowly,  if  the  blood,  in 
either  case,  be  received  into  a  bladder,  and  then  placed  in 
the  carbonic  acid,  or  oxygen  gas;  the  thin  moist  animal 
membrane  allowing  the  change  to  be  effected  with  perfect 
ease,  and  offering  no  aerious  impediment  to  the  passage  of 
either  gas, 

96.  SifiiiiiDiL  of  Gases. — The  physico-chemical  processes 
involved  in  the  exchange  of  carbonic  acid  for  oxygen  when 
venous  is  converted  into  arterial  blood,  or  the  reverse,  in 
the  cases  mentioned  above,  are  not  thoroughly  understood, 
and  are  probably  somewhat  complex. 

It  is  known  («)  that  gases,  mechanically  held  by  a  fluid 
in  a  given  proportion,  tend  to  diffuse  into  any  atmosphere 
to  which  they  are  exposed,  until  they  occnpy  tliat  atmos- 
phere in  corresponding  proportions ;  and  (fi)  that  gases 
separated  by  a  dry  porous  partition,  or  simply  in  contact, 
diffuse  into  one  another  with  a  rapidity  which  is  inversely 
proportioned  lo  the  square  roots  of  their  densities.  A 
knowledge  of  these  physical  principles  does,  in  a  rough 
way,  lead  us  to  see  how  the  gases  contained  in  the  blood 
may  effect  an  exchange  with  those  in  the  air,  whether  the 
blood  be  freely  exposed,  or  inclosed  in  a  membrane. 

But  the  application  of  these  principles  gives  no  more 
dian  this  sort  of  general  insight.  For,  in  the  first  place, 
when  arterialization  takes  place  through  tlie  walls  of  a 
bladder,  or  any  other  thin  animal  membrane,  the  matter  is 
complicated  by  the  circumstance  that  moisture  dissolves 
oarhonic  acid  far  more  freely  than  it  will  oxygen  ;  hence  a 
wet  bladder  has  a  very  different  action  upon  carbonic  aciJ 
from  that  which  it  has  upon  oxygen.  A  moist  bladder, 
partially  filled  with  oxygen,  and  suspended*  in  carbonio- 
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acid  gas,  becomes  rapidly  dislended,  in  consequence  of  the 
cnrbonic-ftcid  gas  passing  iolo  it  with  much  greater  rapid- 
ity than  the  oxygen  passes  out.  Secondly,  tlie  gases  of 
the  blood  are  not  held  iu  a  merely  nieeJianictil  way  in  it ; 
the  oxygen  seems  to  be  loosely  combined  wilh  the  red 
corpuscles  (88),  and  there  is  reason  to  Ihink  that  a  great 
part,  at  least,  of  the  carbonic  acid,  is  chemically  connected, 
in  a  similarly  loose  way,  with  certain  saline  conBtitoenls 
of  tho  serum.  Hence  the  arterialiiation  of  blood  in  the 
lungs  seems  to  be  a  very  mixed  process,  partly  physical, 
and  yet,  to  a  certain  estcnt,  chemical,  and  consequently 
very  difficult  to  analyze. 

The  same  may  also  be  said  of  the  change  from  arterial 
to  venous  blood  in  the  tissues.  Owing  to  the  peculiar 
relation  of  oxygen  to  the  red  blood-corpuscles,  the  process 
which  takes  place  in  the  tissues  is  not  a  simple  inter- 
clinnge  by  diffusion  of  the  oxygen  of  the  blood  for  the 
carbonic  acid  of  the  tissues ;  on  the  contrary,  the  osygen 
is  given  up  for  purposes  of  oxidation,  the  demand  being 
determined  by  the  supply  of  oxidiwible  materials  in  the 
tissue,  while  the  blood,  poor  in  carbonic  acid,  takes  up, 
apparently  by  an  independent  aclioii,  a  quantity  of  that 
gas  from  the  tissues  rich  in  it. 

Hence  venous  blood  is  characterized  not  only  by  the 
large  amount  of  carbonic  acid  present,  but  also  by  the  fact 
that  the  red  corpuscles  have  given  up  a  good  deal  of  their 
oxygen  for  tlie  purposes  of  oxidation,  or,  as  the  chemists 
would  say,  have  become  reduced.  This  is  the  reason  why 
arterial  blood  is  not  bo  easily  converted  into  venous  blood 
by  exposure  to  carbonic  acid  as  venous  blood  into  arterial 
by  exposure  to  oxygen.  There  is,  in  the  former  case,  a 
want  of  some  osidizable  substance  to  carry  off  tlio  oxygen 
from  and  so  to  reduce  the  red  corpuscles.  WTien  such  an 
oxidizable  substance  is  added  {as,  for  instance,  a  salt  of 
iron),  the  blood  at  once  and  immediately  becomes  com- 
pletely venoufl. 
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Practically'  we  amy  say  that  the  most  important  differ- 
ence between  venous  and  art«rial  blood  is  not  so  much  the 
relative  quantities  of  carbonic  acid  as  that  the  red  corpu&- 
cles  of  venous  blood  have  lost  a  good  deal  of  osygen,  are 
reduced,  and  ready  ut  once  to  take  np  any  osygen  offered 
to  them. 

97.  Cause  of  the  Ch&s^  of  Color  in  Blood.— The  cause 
of  the  change  of  color  of  the  blood — of  its  darkening'  when 
exposed  to  carbonic  acid,  and  its  brightening  when  under 
the  inflnence  of  osygpo — ia  not  tliorongiily  iindorstood. 
There  ia  reason  to  think,  however,  that  the  re<l  corpuscles 
are  rendered  somewhat  flatter  by  onygen  gas,  while  they 
are  distended  by  the  action  of  carbonic  acid  (Tfi).  Under 
the  former  circumstances  they  may,  not  improbably,  reflect 
the  light  more  strongly,  so  as  to  give  a  more  distinct  colora- 
tion to  the  blood ;  while,  under  the  latter,  they  may  reflect 
less  light,  and,  in  that  way,  allow  the  blood  to  ajipear 
darker  and  duller. 

This,  however,  is  not  t!ie  whole  of  the  matter;  for  solu- 
tions of  hiemoglobin  or  of  blood-crystals  (81),  even  when 
perfectly  free  from  actual  blood-corpuscles,  change  in  color 
from  scarlet  to  purple,  according  as  they  gain  or  lose  oxy- 
gen. It  has  already  been  stated  (88)  tliat  oxygen  moat 
probably  exists  in  the  blood  in  loose  combination  with 
btemoglobin.  But,  further,  there  is  evidence  to  show  that 
a  solution  of  hscaioglobia,  when  tbns  loosely  combined 
with  oxygen,  has  a  scarlet  color,  while  a  solution  of 
h-Emoglobin,  deprived  of  oxygen,  has  a  purplish  hne. 
Hence  arterial  blood,  in  which  the  hiemoglobin  is  richly 
provided  with  oxygen,  would  naturally  be  scarlet,  while 
venous  blood,  which  not  only  contains  an  excess  of  car- 
bonio  acid,  but  whose  hiemoglobin  also  has  lost  a  great 
deal  of  its  oxygen,  would  be  purple. 

98.  Conditions  of  its  Chemical  Changes. — Whatever  may 
be  their  explanation,  however,  the  facta  are  certain  (1), 
that  arterial  blood,  separated  by  only  a  thin  membrane 
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from  carbonic  acid,  or  from  a  fluid  cuntaiiiiiig  a  greater 
amount  of  carbonic  acid  than  itself,  and  also  carrj'Jng  cer-  i 
tain  osidizable  materials,  becomes  venous ;  and  (2)  that  1 
venous  blood,  separated  by  only  a  thin  membrane  from  4 
oxygen,  or  a  fluid  conlaining  a  greater  proportion  of  free  | 
OKygeti  than  itself,  becomes  arterial. 

In  these  facts  lies  the  explanation  of  the  conversion  of  1 
scarlet  blood  into  dark  blood  as  it  passes  through  the  oapil-  i 
laries  of  the  body,  for  the  latter  are  bathed  by  the  juices 
of  the  tissues,  ^vhich  contain  carbonic  acid,  the  product  CFf  j 
their  waste  and  combustion,  in  excess,  together  with  highly- 
oxidizable  matters.  On  the  other  hand,  if  we  seek  for  Iha  { 
explanation  of  the  conversion  of  the  dark  blood  in  the  veins  I 
into  the  scarlet  blood  of  the  arteries,  we  find,  first,  that  tho  | 
blood  remains  dark  in  the  right  auricle,  the  right  ventricle,  , 
and  the  pulmonary  artery ;  second,  that  it  is  scarlet  not  i 
only  in  the  aorta,  but  in  the  left  veotricle,  the  left  auricle,  , 
and  the  pulmonary  veins. 

Obviously,  then,  the  change  from  venous  to  Brterial 
takes  place  in  the  pulmonary  capillaries,  for  these  are 
sole  channels  of  communication  between  the  pulmonary 
arteries  and  the  pulmonary  veins. 

Sectiom  IL — The  LuTiga  and  their  Office. 

99.  The  Esaence-natiiTe  of  EeBpiration. — But  what  are 

the  physical  conditions  to  which  the  blood  is  exposed  in 
the  pulmonary  capillaries? 

These  vessels  are  very  wiile,  thin-walled,  and  closely 
set,  so  as  to  form  a  net-work  with  very  small  meshes, 
which  is  contained  in  the  substance  of  an  extremely  thin 
membrane.  This  membrane  is  in  contact  with  the  air,  so 
that  the  blood  in  each  capillary  tif  the  lung  is  separated 
from  the  air  by  only  a  delicate  pellicle  formed  by  its  own 
wall  and  the  lung-mem  bran  e.  Hence  an  exchange  very 
readily  takes  place  between  the  Uood  and  the  air;  the 
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r  latter  gaining  moisture  and  carbonic  a 
gen  {:ib,  20).' 
Tbis  is  the  esscnliiil  step  in  respiration  :  tbat  it  really 
takes  place  may  be  demonstrated  very  readily,  by  tlie 
experiment  described  in  tiie  first  Chapter,  in  which  air 
expired  was  proved  to  differ  from  air  inspired,  by  con- 
taining' more  heat,  more  water,  more  carbonic  acid,  and 
less  oxygen ;  or,  on  the  otlier  hand,  by  putting  a  liga- 

■  tore  on  the  windpipe  of  a  living  auinaat  so  as  to  prevent 
air  from  passing  into  or  out  of  the  lungs,  and  tlien  exam- 
ining the  contents  of  the  heart  and  great  vessels.  The 
blood  on  both  sides  of  the  heart,  and  in  the  pulmonary 
veins  and  aorta,  will  be  found  to  be  as  completely  venous 
as  in  the  vcnie  cava;  and  piilmonary  artery, 

I  But,  though  the  j)aEsnge  of  carlmnic-acid  gas  and  hot 

watery  vapor  out  of  the  blood  and  of  oxygen  into  it  is  the 
essence  of  the  respiratory  process — and  thus  a  membrane 
with  blood  on  one  side,  and  air  on  the  other,  is  ail  tlmt  is 
absolutely  necessary  to  effect  the  purification  of  the  blood 
— yet  the  accumidatinn  of  carbonic  acid  is  so  rapid,  and 
the  need  for  oxygen  so  incessant,  in  all  parts  of  the  human 
body,  that  the  former  could  not  be  cleared  away,  nor  the 
latter  supplied,  with  adequate  rapidity,  without  the  aid 
of  extensive  and  complicated  accessory  machinery — the 
arrangement  and  working  of  which  must  next  be  carefully 
studied. 
100.  Heohaniain  of  Respiration. — The  hack  of  the  mouth 
or  pharynx  communicates  by  two  channels  with  the  exter- 
nal air  (see  Fig.  49).  One  of  these  is  formed  by  the  nasal 
passages,  which  cannot  be  closed  by  any  muscular  appa- 
ratus of  their  own ;  the  other  is  presented  by  the  mouth, 
whitb  can  be  shut  or  fipened  at  will. 
'  The  alndsit  mnal  cnonl  hlmKlf  ni^ln»i  Ihi?  Mat  Uut  nrteiial  binod  FOTitalna  do 
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Immediately  behind  the  tongue,  at  the  lower  and  &ont 
part  of  the  pharyns,  is  an  aperlure — the  glottis  (Fig.  23, 
61.) — oapabic  of  being  closed  by  a  sort  of  lid — the  epiglot- 
tis— or  by  the  shutting  together  of  its  side  boundaries, 
formed  by  the  so-called  vocal  chords.  The  glottis  opena 
into  a  chamber  with  cartilaginous  walls — the  larynx;  and, 
leading  from  the  larynx  downwards  along  the  front  part 
of  the  throat,  where  it  may  be  very  readily  felt,  is  the 
trachea,  or  windpipe  (Fig.  %l,  Tr.). 


;  Aa.,  aorU:  B^  di»- 
panffmi  a-,  avaxi.-.   i'.L'.j,.TTUHi9v]iiDTprior. 

If  the  trachea  be  handled  tlirough  the  skin,  it  will  be 
found  to  be  firin  and  resisting.  Its  walls  arc,  in  fact, 
strengthened  by  a  series  of  cartilaginous  hoops,  which 
hoops  are  incomplete  behind,  their  euds  being  united  only 
by  muscle  and  membrane,  where  the  trachea  comes  into 
contact  with  the  gullet,  or  reeophagva.    The  trachea  passes 
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into  the  tlioras,  and  there  dividca  into  two  branches,  a 
right  and  a  left,  which  are  termed  the  hronclii  {Fig,  83, 
Sr.),  Each  bronchus  enters  the  lung  of  its  own  side,  and 
then  breaks  up  into  a  great  nuinher  of  smaller  brunches, 
which  are  called  the  bronchial  tubes.  As  these  diminish  in 
size,  the  cartilages,  which  are  continued  all  through  the  bron- 
chi and  their  large  ramifications,  become  smaller  and  event- 
ually disappear,  so  that  the  walls  of  the  smallest  bronchial 
tubes  are  entirely  muscular  or  membranous,     llius,  while 
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1  tbc  trachea  and  bronclii  b 

I  pervious  to  air  by  their  c 


» 


e  kept  pertnanenllj-  open  and 
rtilagcs,  the  smaller  bronchial 
may  be  nlinost  tloscd  by  tiie  coiitraction  of  their 
muscular  walls. 

The  finer  bronchial  tubes  end  at  length  in  elonf^ted 
dilatations,  about  j'^th  of  an  inch  in  diunieter  on  the  aver- 
age (Fig,  23).  Each  of  these  dilatations  is  beset  uitb,  or 
perhaps  rather  is  made  up  of,  little  sacs,  whii^h  open  irreg- 
ularly into  the  cavity  of  the  dilatation.  These  sac3  are 
the  ah'-cells,  Tlie  very  thin  walls  (Fig.  24)  which  separate 
these  air-celb  are  supported  by  much  delicate  and  highly- 
elastic  tissue,  and  carry  the  wide  and  close-set  capillaries 
into  which  the  ultimate  ramifications  of  the  pulmonary 
■artery  pour  its  blood  (Fig.  26).  Thus,  the  blood  contained 
in  these  capillaries  is  exposed  on  both  sides  to  the  air — 
being  separated  from  the  air-cell  on  either  hand  only  li_i' 
tlie  very  delicate  pcUicIo  which  fonns  the  wall  of  the  capil- 
lary, and  the  lining  of  the  air-sac. 

101.  The  Provinon  fbr  the  Benewal  of  Air, — Hence  no 
conditions  can  be  more  favorable  to  a  ready  exchange  be- 
tween the  gaseous  contents  of  the  blood  and  those  of  the 

the  aur-cells,  than  the  aiTangements  which  obtain  in 
(he  pulmonary  capilhiries ;  and,  thus  fur,  (he  structure  of 
the  lung  fully  enables  us  to  understand  how  it  is  that  ihe 
large  quantity  of  blood  poured  through  the  pulmonary  cir- 
culation becomes  exposed  in  very  thin  streams,  over  a  large 
surface,  to  the  air.  But  the  on!j-  result  of  this  arrangement 
would  be,  that  the  pulmonary  air  would  very  speedily  ioee 
all  its  osygen,  and  become  completely  saturated  with  car- 
bonic acid,  if  special  provision  were  not  made  for  its  being 
iccessantly  renewed. 

102.  Inapiration  and  Xxpiratioii.  —  If  an  adult  mfn, 
breathing  calmly  in  the  sitting  position,  lie  watched,  the 
respiratory  act  w'M  he  observed  to  be  repeated  thirteen  to 
fifteen  times  every  minute.     Each  act  consists  of  certain 

imponeats  which  succeed  one  another  in  a  regular  rhyth- 


i 
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Uaai  onler.  Firet,  the  breath  is  drawn  in,  or  in^trrd; 
iaime<)>atelj  aflenranls  it  is  driren  out,  ot  e^nreJ;  and 
tliese  saocessire  scte  of  impiration  am)  erpimlion  are 
ioDcnred  t^  a  brief  pause.  Tbu>,  just  as  id  the  riijtfam  of 
tbe  heart  the  auricular  STStole,  the  veatneular  systole,  and 
then  a  pause,  follow  in  r^ular  order ;  so  in  the  chest,  the 
inspiiatloo,  the  expiration,  and  then  a  pause,  sncoeed  one 
another.  At  eacJi  inspiration  of  an  adult  wdl-grown  man, 
about  thirty  cubic  inches  of  air  are  inspired ;  and  at  each 
expiration  the  same,  or  a  sli^tlj  smaller,  rolume  (alloir- 
ing  for  the  increase  of  temperature  of  the  air  so  espbed) 
ia  giren  out  of  the  body. 

103.  Kflbvnces  between  Iiupired  and  Expired  Air. — 

The  expired  air  differs  from  the  air  inspired  in  the  fol- 
lowing particulars : 

(a)  Whatever  the  temperature  of  the  external  air  is, 
that  expired  is  nearly  as  hot  as  the  blood,  or  lias  a  teat' 
perature  between  90''  and  100°. 

(£)  However  dry  the  external  air  may  be,  that  exjnred 
is  quite  or  nearly  saturated  with  watery  vapor. 

(c)  Though  ordinary  air  contains  nearly  2,100  puis  of 
oxygen,  and  7,900  of  nitro^n,  with  not  more  than  three 
parts  of  carbonic  acid,  in  10,000  part!,  expired  air  contains 
about  470  parts  of  carbonic  acid,  and  only  between  1,500 
and  1,600  parts  of  oxygen  ;  while  the  quantity  of  nitrogen 
suffers  little  or  no  change.  Speaking  roughly,  air  which 
has  been  breathed  once  has  gained  five  per  cent,  of  car- 
bonic acid,  and  lost  five  per  cent,  of  oxygen. 

The  expired  air  contains,  in  addition,  a  greater  or  less 
quantity  of  animal  matter  of  a  highly -decomposable  char- 
RCter. 

(d)  Very  close  analysis  of  the  expired  air  shows,  firstly, 
that  the  quantity  of  oxygen  which  disappears  is  always 
slightly  in  excess  of  the  quantity  of  carbonic  acid  sup- 
plied ;  and,  secondly,  that  llie  nitrogen  is  voriublc  - 
exjnred  nitrogen  being  sometimes  slightly  in  excess  of^  ^ 
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Bomctimea  sliglitly  less  than  that  inspired,  and  eometimes 
remaining'  atationarr. 

104.  The  Amount  of  Work  done  by  the  Lungs. — From 
Ihrce  hundred  and  fifty  to  four  hundred  cubic  feet  of  air 
Are  thus  passed  through  the  lungs  of  an  adult  man  taking 
little  or  no  exercise,  in  the  course  of  twenty-four  hours ; 
*nd  are  charged  with  carbonic  acid,  and  deprived  of  osy- 
,gen,  to  the  eitent  of  nearly  five  per  cent.  This  amounts 
.to  about  eighteen  cubic  feet  of  the  one  gas  taken  in,  and 
of  the  other  given,  out.  Thus,  if  a  man  be  shut  up  in  a 
'  vlose  room,  having  the  form  of  a  cube  seven  feet  in  the 
'  nde,  every  particle  of  air  in  that  room  iviU  have  passed 
41irough  his  lungs  in  twenty-four  hours,  and  a  fourth  of  the 
oxygen  it  contained  will  be  replaced  by  carlwnio  acid, 

Tlie  quantity  of  carbon  eliminated  in  the  twenty-four 
liouTS  is  pretty  clearly  represented  by  a  piece  of  pure  char- 
coal weighing  eight  ounces, 

The  quantity  of  water  given  off  from  the  lungs  in  the 
twenty-four  hours  varies  very  much,  but  may  be  taken  on 
e  average  as  rather  less  than  half  a  pint,  or  about  nine 
ounces.  It  may  full  below  this  amount,  or  increase  to 
double  or  treble  the  quantity. 

^  Section  HI. — T/ie  Respiratory  MechanUm. 

106.  Heoliajiism  of  the  Sespiratory  Horements.  —  The 
-mechanical  arrangements  by  which  the  respiratory  move- 
ments, essential  to  tlie  removal  of  the  great  mass  of  effete 
matters,  and  the  importation  of  the  large  quantity  of  oxy- 
gen indicated,  are  effected,  may  be  found  in — (a)  the  elas- 
ticity of  the  lungs ;  (J)  the  mobility  of  the  sides  and  bottom 
of  the  thoracic  cavity  in  which  the  lungs  arc  contuincd. 

The  thorax  may  be  regarded  as  a  completely  shut  coni- 
)»1  box,  with  the  small  end  turned  upwards,  the  back  of 
'tile  box  being  formed  by  the  spinal  column,  the  aides  by 
the  ribs,  the  front  by  the  breastbone,  the  bottom  by  the 
^phragm,  and  the  top  by  the  root  of  the  neck  (Fig.  32). 
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The  two  lunga  occupy  almost  all  the  ca^4ty  of  this  box 
wbioh  ie  not  taken  up  by  tbe  heart.  Euch  is  incloeed  in 
its  serous  membrane,  tlio  pleura,  a  double  bug  (very  simi- 
lar to  the  pericardium,  tbe  cbiof  difTereoce  being  that  the 
outer  bag  of  each  pleura  is,  over  tbe  greater  part  of  ita  ex- 
tent, quite  firmly  adherent  to  the  walla  of  the  chest  and 
the  diaphragm  (see  Fig.  12),  while  the  outer  bag  of  tha 
pericardium  is  for  the  moat  part  loose),  the  inner  bag 
cloaely  covering  the  lung  and  the  outer  forming  a  lining 
to  the  cavity  of  the  chest.  So  long  as  the  walls  of  the 
thorax  are  entire,  the  cavity  of  each  pleura  is  practically 
obliterated,  that  layer  of  tlie  pleura  which  covers  the  lung 
being  in  close  contact  with  that  which  lines  the  wall  of  the 
chest;  but  if  a  small  opening  be  made  into  the  pleura,  the 
lung  at  once  shrinks  to  a  comparatively  email  eize,  and 
thus  develops  a  great  cavity  between  the  two  layers  of  the 
pleura.  If  a  pipe  bt^  now  fitted  into  the  bronchus,  and  air 
blown  through  it,  the  lung  is  very  readily  distended  to  ils 
full  size;  but,  on  being  left  to  itself  it  collapses,  tbe  air 
being  driven  oiit  again  with  some  force.  The  abundant 
elastic  tissues  of  the  walls  of  the  air-cells  are,  in  fact,  so 
disposed  as  to  be  greatly  stretched  when  tbe  lungs  are 
full ;  and,  when  the  cause  of  the  distention  is  removed, 
this  elasticity  comes  into  play  and  drives  the  greater  part 
of  the  air  out  again. 

The  lungs  are  kept  distended  in  the  dead  subject,  so 
long  as  the  walla  of  the  cheat  are  entire,  by  the  pressure 
of  the  atmosphere.  For  though  the  elastic  tissue  is  all  the 
while  pulling,  as  it  were,  at  tbe  layer  of  pleura  which  covers 
the  lung,  and  attempting  to  separate  it  from  that  which 
lines  the  chest,  it  cannot  pi-oduce  such  a  separation  with- 
out developing  a  vacuum  between  these  two  layere.  To 
effect  this,  the  elastic  tissue  must  pull  with  a  force  greater 
than  that  of  tlie  external  air  (or  fifteen  pounds  to  the 
square  inch),  an  effort  far  beyond  its  powers,  which  do  not 
equal  more  than  one-fourth  of  a  pound  on  the  square  inch. 


X04  ELESfENTART   PHYSIOLOGY. 

But  the  moment  a  hole  is  made  in  the  pleura,  the  air  enters 
into  ita  cavity,  the  atmospheric  pressure  inside  the  lung  is 
equalized  by  that  outside  it,  and  the  elastic  tissue,  freed 
from  ita  opponent,  exerts  ita  full  power  on  the  lung. 

106.  Walls  of  ttie  BronoMal  Tubes-Cilia.  —Tije  lungs 
are  elastic,  whether  alive  or  dead.  During  life  the  air 
which  they  oontaiu  may  be  further  affected  by  the  oontrao- 
tility  of  the  muscular  walls  of  the  bronchial  tubes.  If 
water  is  poured  into  the  lungs  of  a  recently -killed  animal, 
•nd  a  series  of  electric  shocks  is  then  sent  through  the 
bronchial  tubes,  the  latter  contract,  and  the  water  is  forced 
out  Lastly,  during  life  a  further  source  of  motion  in  the 
bronchial  tubes  is  provided  by  the  cilia — minute  filaments 
attached  to  the  epithelium  of  the  tubes,  which  incessantly 
vibrate  backwards  and  forwards,  and  work  in  such  a  man- 
ner as  to  sweep  liquid  and  solid  matters  outwards,  or  tow- 
ards the  trache.i. 

107.  movements  of  the  Chest-Walls.— Tlie  ribs  arc  at- 
tached to  the  spine,  so  as  to  be  freely  movable  upon  it; 
but,  when  left  to  theniaelvea,  they  take  a  position  which  is 
inclined  obliquely  downwards  and  forwards.'  Two  sets  of 
muscles,  called  iiilercostals,  pass  between  the  successive 
pairs  of  ribs  on  each  aide.  The  outer  set,  called  external 
intercostaU  (Fig,  27,  A),  run  from  the  rib  above,  obliquely 
downnards  and  forwards,  to  the  rib  below.  The  other  set, 
ttUarnal  itttercostals  (Fig.  27,  B),  cross  tliese  in  direction, 
passing  from  the  rib  above,  downwards  and  backwards,  to 
the  rib  below. 

The  action  of  these  muscles  is  somewhat  puzzling  at 
first,  but  is  readily  understood  if  the  fact,  that  when  a 
muscle  contracts  it  tends  to  make  the  distance  between  its 
two  ends  as  short  as  possible,  be  borne  in  mind.  Lot  a  and 
b,  in  Fig.  28,  A,  be  two  parallel  bars,  movable  by  their 

^  I  purposely  jufikct  tTiB  caariJenitiDri  of  thp  cArtilq^eB  ot  the  libo.  find  icrdq  other 
polnu.  Lb  ordm'  Dot  Kt  i 
Hated  Ihsl  thtno  mym  a 
UtagH  act  like  Us  hIofodI,  lud 
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ends  i^MB  the  t^ngfat  <*,  wineb  anj  be  rejuded  as  U  tfae 
bach  of  the  k{ipuanifi,  dm  a  fine  Aected  from  x  to  y  wjD 
be  inclined  dowDwards  uid  &««ai(iE,Bad  one  from  v  Io< 
will  be  dirvMed  downwvda  md  Inckwaida.  Now,  it  is 
obviooa  tlist  ibere  isone  positiaa  of  tbe  iimIs,  sod  oae  only, 
in  which  the  points  z  sni  y  are  st  the  ifccvtcst  pnwabie  dis- 
if  SDd  one  po£ttioo  tnl;  in  whid  the  points  tr  sad  s 


am  at  Ifae  aborteet  possibie  distsnoe ;  sua  these  sn,  far 


^H  and  HI 
^B  both  I 


X  and  y  the  position  B,  and  for  ic  and  s  the  position  C 
"ntem  positions  are  respectively  such  that  the  points  a^  y, 
at  die  ends  of  straight  lines  pcTpendicuIar  to 
rods. 
Ilnaa,  to  bring'  x  and  y  into  this  position,  the  parallel 


J 
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rods  in  A  must  move  upwards ;  and,  to  bring  w  and  z  into 
it,  they  must  move  in  the  opposite  way. 

If  tbe  simple  apparatus  just  described  be  made  of  wood, 
hooks  being  placed  at  the  points  x,  y,  and  m,  z  ,'  and  an 
elastic  band,  as  long  wben  left  to  itself  as  the  shortest  dis- 
tance between  these  points,  bo  provided  with  eyes  which 
can  be  readily  put  on  to  or  taken  off  these  hooks :  it  will 
be  found  that  when  the  bars  are  in  ihe  horizontal  position, 
A,  the  elasticity  of  the  band,  when  hooked  ou  to  x  and  y, 


inspinitorj  tloi 


will  bring  them  up  into  the  position  shown  in  Fig.  S8,  B; 
while,  if  hooked  on  to  w  and  z,  it  will  force  them  down 
into  the  position  shown  in  Fig,  28,  C. 

Substitute  the  contractility  of  the  estemal  and  internal 
intercostal  muscles  for  the  elasticity  of  the  band,  and  the 
latter  will  precisely  exemplify  their  action  ;  and  it  is  thus 
proved  that  the  external  intorcostals  must  raise,  and  the 
internal  intercostals  must  depress,  the  bony  ribs. 

108.  The  SiaphiagUL— The  diaphragm  is  a  great  par- 
tition situated  between  the  thorax  and  the  abdomen,  and 
always  concave  to  the  latter  and  convex  to  the  former  (Fig. 
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1,  2>).  Fram  its  middle,  vliidi  is  tsK&DOQS,  nnBcaUr 
fibtea  extend  dovnwanls  aad  wiiwmnla  to  tW  ribs,  sad 
two,  especuOjT  stroi^  '«^f«t  wbi^  bc  aDed  tW  jp  Jaw 
q^  tA«  dii^ahragtn,  to  tbe  Bponil  oofaand  (Fi^  S9).  Wbea 
these  nmsculsr  fibres  eontnct,  tberefave,  tbey  tend  to  nde 
tlie  di^ibngm  flatter,  snd  to  inRcase  the  eaqxdtf  of  tlte 
thoiax  at  the  expeose  of  that  of  tbe  abdtxneii,  bj  poDii^ 
down  tbe  bottom  of  ibe  thoncK  box  (Fig.  30). 
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When  it  contracts  it  increases  the  vertical  dimensions 
of  the  thoracic  capity,  and  tends  lo  pull  awar  the  lining  of 
the  bottom  of  the  thoracic  box 
bases  of  the  lungs ;  but  the  e 

the  trachea,  proportiooately  increaBes  the  dbtentioa  of  the 
lungs,  and  prevents  tlie  formation  of  auy  vacuum  between 
the  two  pleune  of  either  lung  in  this  region.  When  the 
diaphragm  ceases  to  conlruct,  so  much  of  the  elasticity  of 
the  iungs  as  was  neutralized  by  the  contraction  of  the  dia- 
phragm, comes  into  ploy,  and  the  estra  air  taken  in  is 
drivcQ  out  again.  We  have,  in  short,  an  i}ispi.rution  and 
an  expiration^ 

Suppose,  on  the  other  hand,  that,  the  diaphragm  being 
quiescent,  the  external  intercostal  muscles  conti'act.  The 
ribs  will  be  raised  from  their  oblique  position,  the  antero- 
posterior dimensions  of  the  thoracic  cavity  will  be  in- 
creased, and  the  lungs  will  be  distended  as  before  to  bal- 
ance the  enlargement.  If,  now,  the  external  iutercostaU 
relax,  the  action  of  gravity  upon  the  ribs,  the  elasticity  of 
the  cartilages,  and,  more  especially,  that  of  the  lungs,  will 
alone  sulBce  to  bring  back  the  riljs  to  their  previous  posi- 
tions, and  to  drive  out  the  extra  air;  but  this  expiratory 
action  may  be  greatly  aided  by  the  contraction  of  the  in- 
ternal intercostals. 

Section  IV, — Tnapirat/on  ami  Expiration. 
110.  Acceasory  Koscles. — Thus  it  appears  that  we  muy 
have  cither  diaphraginatie  respiration,  or  costal  respira- 
tion. As  a  general  rule,  however,  not  only  do  tlie  two 
forms  of  respiration  coincide  and  aid  one  another — the  con- 
traction of  the  diaphragm  taking  plaee  at  the  same  tirao 
with  that  of  tlie  external  intercostals,  and  its  relaxation 
with  the  contraction  of  the  internal  iutercostals — but  sun- 
dry other  accessory  agencies  come  into  play.  Thus,  the 
muscles  which  connect  the  ribs  with  parts  of  the  spine 
above  them,  and  with  the  shoulder,  may,  more  or  less  ex- 
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tensively,  assist  inspiration ;  while  those  which  connect 
the  ribs  and  breastbone  with  the  pelvis,  and  form  the  front 
and  side  wulls  of  the  abdomen,  are  powerful  aids  to  expi- 
ration. In  fact,  they  assist  espinLtioii  in  two  ways :  first, 
directly,  by  pulling  down  the  ribs ;  and  next,  indirectly, 
by  pressing  the  viscera  of  the  abdomen  upwards  against 
;  under  surCicc  of  the  diaphragm,  und  so  driving  tbe 
floor  of  the  thorax  upwitrds. 

It  is  for  this  reason  that,  whenever  a  violent  expiratory 
effort  is  made,  the  walls  of  the  abdomen  are  obviously  flat- 
tened and  driven  towards  the  spine,  the  body  being  at  the 
same  time  bent  forwards. 

In  taking  a  deep  inspiration,  on  the  olher  hand,  the 
walls  of  the  abdomen  are  relaxed  and  become  convex,  the 

cera  being  driven  against  them  by  ihe  descent  of  the 
diaphragm — the  spine  is  straightened,  ihe  head  thrown 
back,  and  the  shoulders  outwards,  so  as  to  afford  the  great- 
est mechanical  advantage  to  aU  the  muscles  whiuh  can 
elevate  tJie  ribs. 

111.  How  Sespiration  differs  in  the  Bezei. — It  is  a  rt- 
markable  circumstance  that  the  mechanism  of  respiration 
is  somewhat  different  in  the  two  sexes.  In  mea,  the  dia- 
phragm takes  tbe  larger  share  in  tbe  process,  the  upper 
ribs  moving  comparatively  little;  in  women,  the  reverse  is 
the  case,  the  respiratory  act  being  more  largely  the  result 
of  tbe  movement  of  the  ribs. 

Sighing  is  a  deep  and  prolonged  inspiration.  "  Sit- 
ing" is  a  more  rapid  inspiratory  act,  in  which  the  mouth 
is  kept  shut,  and  the  air  made  to  pass  through  the  nose. 

■  Coughing  is  a  violent  expiratory  act.  A  deep  inspira- 
tion being  first  taken,  the  glottis  is  closed  and  then  burst 
open  by  the  violent  compression  of  tbe  air  contained  in  the 
Itmgs  by  tlie  contraction  of  the  expiratory  muscles,  the 
diaphragm  licing  relaxed  and  the  air  driven  through  the 
mouth.  In  sneezing,  on  the  contrary,  the  carity  of  the 
mouth  being  shut  off  from  the  pharynx  by  the  approxima- 
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tion  of  t^e  soft  palattf  aud  tbe  base  of  tlie  tongue,  the  air 
ifi  forced  through  the  nasal  passages. 

112.  Reaidiial,  Snpplemental,  and  Tidal  Air. —It  thus 
appears  that  the  thoras,  the  lungs,  and  the  trachea,  consti- 
tute a  sort  of  bellows  without  a  valve,  in  which  the  thorax 
and  the  lungs  represent  the  body  of  the  bellows,  while  the 


trachea  is  the  pipe ;  and  the  effect  of  the  respiratorj  move- 
ments is  just  the  same  as  that  of  the  approximation  and 
separation  of  the  handles  of  the  bellows,  which  drive  out 
and  draw  in  the  air  through  the  pipe.  There  is,  however, 
one  difference  between  the  bellows  and  the  respiratory  ap- 
I  paiatus,  of  great  importance  in  the  theory  of  respiration. 


KSPIRATIOS   AM)   EXPIRATION. 


though  freqtieDtly  overlooked ;  and  that  is,  that  the  sides 
of  the  bellows  can  be  brought  close  together  so  as  to  force 
out  all,  or  nearly  nil,  the  uir  which  they  contain;  while  the 
walls  of  the  chest,  nhen  approximated  as  much  as  possible, 
Btill  inclose  a  ?ery  considerable  cavity  (Fig.  31);  so  that, 
even  after  the  most  violent  expiratory  effort,  a  very  large 
quantity  of  air  is  left  in  the  lungs. 

The  amount  of  this  air  which  cannot  be  got  rid  of,  and 
is  caiied  Jimidual  air,  is,  on  the  average,  from  seventy-Cvo 
to  one  hundred  cubic  inches. 

About  OS  much  more  to  addition  to  this  remains  in  the' 
chest  after  an  ordinary  expiration,  and  is  culled  Supple 
mental  air. 

In  ordinary  breathing,  twenty  to  thirty  cubic  inches 
of  what  is  couveniently  called  Tidal  air  pass  in  and  out 
It  follows  that,  after  an  ordinary  inspiration,  100  +  100  + 
30  =  230  cubic  inches  may  be  contained  in  the  lungs.. 
By  taking  the  deepest  jwssililc  inspiration,  another  ono 
hundred  cubic  inches,  caiicJ  Compkmental  air,  may  be 
jidded. 

113.  Office  of  the  Btstionary  Air.— It  results  Irom  tlteae 
data  that  tlie  lungs,  after  an  ordinary  inspiration,  contaia 
about  two  hundred  and  thirty  cubic  inches  of  air,  and  that 
only  about  one-seventh  to  one-eighth  of  this  amount  is 
breathed  out  and  taken  in  again  at  the  next  inspiration. 
Apart  from  the  circumstance,  then,  that  the  fresh  air  in- 
spired has  to  fill  the  cavities  of  the  hinder  part  of  the 
mouth,  and  the  trachea,  and  the  bronchi,  if  the  lungs  were 
mere  bags  fixed  to  the  ends  of  the  bronchi,  the  inspired  air 
would  descend  as  far  only  as  to  occupy  that  one-fourteenth 
to  one-sixteenth  part  of  each  bag  which  was  nearest  to  the 
bronchi,  whence  it  would  be  driven  out  again  at  the  next 
expiration.  But,  as  the  bronchi  branch  out  into  a  pro- 
digious number  of  bronchial  tubes,  the  inspired  uir  can 
only  penetrate  for  a  certain  distance  along  these,  and  can 
never  reach  the  air-cells  at  alL 
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Tlius  the  residual  and  supplemental  air  taken  together 
*re,  under  ordinary  circumstances,  stationary — that  is  to 
saj,  the  air  comprebeoded  under  tliese  names  merely  shifts 
its  outer  limit  iu  the  bronchial  tubes,  as  the  chest  dilates 
and  contracts,  without  leaving  the  lungs;  the  tidal  air, 
alone,  being  that  which  leaves  the  lungs  and  is  renewed 
in  ordinary  respiration. 

It  is  obvious,  therefore,  that  the  busincEs  of  respiration 
is  essentially  transacted  by  the  etationary  air,  which  plays 
the  part  of  a  middleman  between  the  two  parties — the 
blood  and  the  fresh  tidal  air — who  desire  to  exchange 
^  their  commodilics,  carbonic  acid  for  oxygen,  and  oxygen 
■for  carbonic  acid. 

Now,  there  is  nothing  interposed  between  the  freeh 
tidal  air  and  the  stationary  air ;  they  are  aeriform  fluids, 
in  complete  contact  and  continuity,  and  hence  the  ex- 
cbange  between  them  must  take  place  according  to  tL<5 
ordinary  laws  of  gaseous  diffusion. 

114.  Compuitioo  of  the  Stationary  Air. — Thus,  the 
stationary  air  in  the  air-cclla  gives  up  oxygen  to  the  blood, 
and  takes  carbonic  acid  from  it,  though  the  exact  mode  in 
which  the  change  is  effected  is  not  thoroughly  understood. 
By  this  process  it  becomes  loaded  with  carbonic  acid,  and 
deficient  in  oxygen,  though  to  what  precise  extent  is  not 
known.  But  there  must  be  a  very  much  greater  excess  of 
the  one,  and  deliciency  of  the  other,  than  is  exhibited  by 
inspired  air,  seeing  that  the  latter  acquires  its  composition 
by  diffusion  in  the  short  space  of  lime  (foiu:  to  five  seconds) 
during  which  it  is  in  contact  with  the  stationary  air. 

In  accordance  with  these  facts,  it  is  found  that  the  air 
expired  during  the  first  half  of  an  expiration  contains  less 
carbonic  acid  than  that  expired  during  the  second  half. 
Further,  when  the  frequency  of  respiration  is  increased 
without  altering  the  volume  of  each  inspiration,  though 
L  the  percentage  of  carbonic  acid  in  each  inspiration  is 
^minished,  it  is  not  diminished  in  the  same  ratio  as  that 
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in  which  tlie  number  of  inspiratioDa  increases ;  and  hence 
more  carbonic  acid  is  got  rid  of  in  a  given  time. 

TbuB,  if  the  number  of  inspirations  per  minute  is  in- 
creased from  fifteen  to  thirtj,  the  percentage  of  carbonic 
acid  evolved  in  the  second  case  remains  more  than  half  of 
what  it  was  in  the  first  case,  and  hence  Ihc  total  evolution 
is  greater. 

116.  The  Hervous  System  controls  Eespiratioii. — Of  the 
various  mechanical  uida  to  Ihe  respiratory  process,  the  nature 
and  workings  of  which  have  now  been  described,  one,  the 
elasticity  of  the  lungs,  is  of  the  nature  of  a  dead,  constant 
force.  The  action  of  the  rest  of  the  apparatus  is  under 
the  control  of  the  norvoua  system,  and  varies  from  time  to 

Aa  the  nasal  passnges  cannot  be  closed  by  llieir  own 
action,  air  has  always  free  access  to  the  pharynx  ;  but  the 
glottis,  or  entrance  to  the  windpipe,  is  completely  under 
the  control  of  the  nervoiis  system — the  smallest  irritation 
about  the  mucous  membrane  in  its  neighborhood  being 
conveyed,  by  its  nenes,  lo  that  part  of  the  cerebro-spinal 
axis  which  is  called  the  medulla  oblongata  {see  338).  The 
medulla  oblongata,  thus  stimulated,  gives  rise,  by  a  process 
which  will  be  explained  hereafter,  termed  r^«B  aelion,  to 
the  contraction  of  the  muscles  which  close  the  glottis,  and 
commonly,  at  the  same  time,  to  a  violent  contraction  of  the 
expiratory  museles,  producing  a  cough  {see  111), 

The  muscular  fibres  of  the  smaller  bronchial  tubes,  no 
less  than  the  respiratory  pump  itself,  formed  by  the  walls 
and  floor  of  the  thorax,  are  under  the  complete  control  of 
the  nerves  which  supply  the  muscles,  and  which  are  brought 
into  action  in  consequence  of  impressions  conveyed  to  that 
part  of  the  brain  which  is  called  the  medulla  oblongata,  by 
the  pneumogastric  and  other  nerves. 

116.  Bespiration  and  Circulation  compared.  —  From 
what  has  been  said,  it  is  obvious  that  there  are  many 
analogies  between  the  circulatory  and  the  respiratory  ap- 
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paratua.  Each  consists,  essentially,  of  a  kind  of  pump 
which  distributea  a  fluid  (aeriform  in  the  one  case,  liquid 
in  the  other)  through  li  series  of  rumllied  distributing-tubea 
to  a  system  of  cavities  (capillaries  or  air-cells),  Ihe  volume 
of  the  contents  of  which  is  greater  than  that  of  the  tubes. 

In  each,  tJie  pump  is  the  cause  of  the  motion  of  the 
6uid,  though  that  motion  may  be  regulated,  locally,  by  the 
contraction,  or  relaxation,  of  the  muscular  fibres  contained 
in  the  walls  of  the  distributing-tubes.  But,  wliile  the 
rhylhmic  movement  of  the  heart  chiefly  depends  upon  a 
nervous  apparatus  placed  within  itself  that  of  ihe  respira- 
tory apparatus  results  mainly  from  the  operation  of  a  ner- 
vous centre  lodged  iu  the  medulla  oblunguto. 

Section  y.—Uffevts  of  Rutpiration. 

117.  Secondary  Phenomena.— As  there  are  certain  sec- 
ondary phenomena  which  accompany,  and  are  explained 
by,  the  action  of  the  heart,  so  there  are  secondary  phe- 
nomena which  arc  similarly  related  to  the  working  of  the 
respiratory  apparatus.  Tliese  are —  [a)  the  respiratory 
sounds,  and  (h)  the  effect  of  the  inspiratory  and  expiratory 
movements  u]x>n  the  circulation. 

118.  The  Respiratory  Harmiin. — Therexpiratory sounds 
or  murmurs  are  audible  when  the  ear  is  applied  to  any  part 
of  the  chest  which  covers  one  or  other  of  the  lungs.  They 
accompany  inspiration  and  expiration,  and  very  much  re- 
semble the  sounds  produced  by  breathing  through  the 
mouth,  when  the  lips  are  so  applied  together  as  to  leave  a 
small  interval.  Over  the  bronchi  the  sounds  are  louder 
than  over  the  general  surface.  It  would  appear  that  these 
sounds  are  produced  by  the  motion  of  the  air  along  the 
air-passages, 

119.  Inspiration  asEisti the  Circnlatioa — Inconsequence 
of  the  elasticity  of  the  lungs,  a  cerlain  force  must  be  ex- 
pended in  distending  them,  and  this  force  is  found  experi- 
mentally to  become  greater  and  greater  the  more  the  lung 
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■  picnea 

It  ■  food  desl  tfau  b 
■eedri  to  ctntbb  it  adj  *  Bule.  Hence,  wbca  in^pintiati 
^fces  jlaoB,  and  the  laqp  ue  dtstendnl  irith  ur,  tbe  hcut 
^td  the  gnat  rancfe  m  the  chest  are  cubjectcd  to  ■  leas 
preaaiife  thsa  w  the  blood^vesaels  of  the  mt  of  the  hody. 

For  the  pnessare  of  the  air  cnotained  in  the  lungs  is 
ezaetlj  the  sune  aa  that  exerted  bnr  the  atmoephcro  upon 
e  of  the  bodjr ;  thftt  is  to  sar.  fiCteen  p 
nare  inch.  But  a  certain  stDouat  of  this  j 
A  hy  the  air  in  the  longs  is  count  prbalanced  br  the 
ehitficity  of  the  distended  lungs,  ^y  that  in  a  girca  oon- 
AtioB  o(  inspiration  a  pound  pressure  on  the  sqoaro  inch  is 
needed  to  overcome  this  elastunty,  then  there  will  be  only 
ftrafteen  ponnds  preseure  on  every  square  inch  of  the  heart 
and  great  vessels.  And  hence  the  pressure  on  the  blood 
in  these  vessels  will  be  one  pound  per  squnre  inch  less 
than  that  on  the  veins  and  arteries  of  the  rest  of  the  body. 
If  there  vrere  no  aortic,  or  pulmoDarv,  vulves,  and  if  Ute 
composition  of  the  vessels,  and  the  pressure  upon  the  blood 
in  thetn,  were  everywhere  the  same,  the  result  of  this  ex- 
cess of  pressure  on  the  surface  would  be,  to  drive  all  the 
blood  from  the  arteries  and  veins  of  the  rest  of  the  body 
into  the  heart  and  great  vessels  contained  in  the  thorax. 
And  thus  the  diminution  of  the  pressure  upon  the  thomcic 
blood-cavities  produced  by  inspiration  would,  practically, 
suck  the  blood  from  all  parts  of  the  body  towards  the 
thorax.  But  the  suction  thus  exerted,  while  it  haHteiicd 
the  flow  of  blood  to  the  heart  in  the  veins,  would  equally 
oppose  the  flow  from  the  heart  to  the  arteries,  and  the 
two  effects  would  balance  one  another. 

120.  TTneiitial  Pressures  fcoilitate  tha  CirculatioiL— As 
a  matter  of  fact,  however,  we  know — 

(1.)  Tliiitthe  blood  in  the  groat  arteriea  is  ooiiBtitiitly 
under  a  very  considerable  pressure,  exerted  by  their  elaa- 
I .  lie  walls ;  while  that  of  the  veins  is  under  little  pressure. 
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(2.)  That  the  walls  of  the  arteries  arc  strong  and  resist- 
ing', while  those  of  the  veins  are  weak  and  flabby. 

(3.)  That  the  veins  hare  valves  opening  towards  the 
heart ;  and  that,  during  the  diastole,  there  is  no  resistance 
of  any  moment  to  the  fiee  passage  of  blood  into  the  heart ; 
while,  on  the  other  hand,  the  cavity  of  the  arteries  is  shut 
off  from  that  of  the  ventricle  during  the  diastole,  by  the 
closure  of  the  semilunar  valvt's. 

Hence  it  follows  that  equal  presaiirea  applied  to  the 
surface  of  the  veins  and  to  that  of  the  arteries  must  pro- 
duce very  different  effects.  In  the  veins  the  pressure  is 
something  which  did  not  exist  before ;  and,  partly  from 
the  presence  of  valves,  partly  from  the  absence  of  resist- 
ance in  the  heart,  partly  from  the  presence  of  resistance  in 
the  capillaries,  it  all  tends  to  accelerate  the  flow  of  blood 
towards  the  heart.  In  the  arteries,  on  the  other  hand,  the 
pressure  is  only  a  fractional  addition  to  that  which  eiisled 
before ;  so  that,  during  the  systole,  it  only  makes  a  com- 
paratively small  addition  to  the  resistance  which  has  to  be 
overcome  by  the  ventricle ;  and,  during  the  diastole,  it 
superadds  itself  to  the  elasticity  of  the  arterial  walls  in 
driving  the  blood  onwards  towards  the  capillaries,  inas- 
much as  all  progress  in  the  opposite  direction  is  stopped 
by  the  semilunar  valves. 

It  is,  therefore,  clear  that  the  inspiratory  movement,  on 
the  whole,  helps  the  heart.,  inasmuch  as  its  general  result 
P  is  to  drive  the  blood  the  way  that  the  heart  propels  it. 

121.  Effect  of  Expiration  on  the  CircnlBtioa. — In  ex- 
/^iration,  the  difference  between  the  pressure  of  the  atmos- 
^^::phere  on  the  surface,  and  that  which  it  exerts  on  the  con- 
_^rnti  of  the  thorax  through  the  lungs,  becomes  less  and 
^^ss  in  proportion  to  the  completeness  of  the  expiration. 
-^^V henRver.  by  the  ascent  of  the  diaphragm  and  the  descent 
'^f  the  ribs,  tbe  cavity  of  the  thorax  is  so  far  diminished 
^  *iat  pressure  is  exerted  on  the  great  vessels,  the  veins, 
^''"'"g  to  the  thinness  of  their  walls,  arc  especially  affected, 
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and  a  check  is  given  to  tbe  flow  of  blood  in  them,  vhich 
may  become  visible  aa  a  venous  ptdse  in  the  great  vessels 
of  the  neck.  In  its  eflect  on  the  Hrterinl  trunks,  expira- 
tion, like  inspiration,  is,  on  the  whole,  favoritble  to  the 
otro'jlation  ;  the  inoreased  resistance  to  the  opening  of  tbe 
valves  during  the  ventricular  systole  being  more  than 
balanced  by  tbe  advantag'e  gained  in  the  addition  of  tbe 
expiratory  pressure  to  the  clastic  reaction  of  the  arterial 
walls  during  tbe  diastole. 

Wben  the  skull  of  a  living  animal  is  laid  open  and  the 
brain  exposed,  the  cerebral  substance  is  seen  to  rise  and 
(all  synchronously  with  the  respiratory  movements ;  the 
rise  corresponding  with  expiration,  and  being  caused  by 
the  obstruction  thereby  oflered  to  tbe  flow  of  tbe  blood  in 
the  veins  of  the  head  and  neck. 

122.  Stoppage  of  the  Heart  by  Distention  of  the  Ltmga, 
— Hitherlo,  1  have  supposed  the  nir-pnssages  to  be  freely 
open  during  the  inspiratory  aiid  expiratory  raovcmeuls. 
But,  if,  the  lungs  being  distended,  the  month  and  nose  are 
closed,  and  a  strong  expiratory  effort  is  then  made,  the 
heart's  action  may  be  stopped  altogether,'  Ajid  the  same 
result  occurs  if,  the  lungs  being  partially  eniplied,  and  the 
nose  and  mouth  closed,  a  strong  inspiratory  effort  is  made. 
In  the  latter  case  the  excessive  distention  of  the  right  side 
of  the  heart,  in  consequence  of  the  flow  of  blood  into  it, 
may  be  the  cause  of  the  arrest  of  tbe  heart's  action ;  but,  ia 
the  former,  tbe  reason  of  tbe  stoppage  is  not  very  clear. 

123.  Cironmstaiioes  modiiying  Bespiration. — The  activ- 
ity of  the  respiratory  pro.iess  is  greatly  modified  by  the 
cirouroatances  in  which  the  body  is  placed.  Thus,  cold 
greatly  increases  the  quantity  of  air  which  ia  breathed, 
the  quantity  of  oxygen  absorbed,  and  of  carbonic  acid  ex- 
pelled ;  exercise  and  the  taking  of  food  have  a  correspond- 
ing effect. 

In  proportion  to  tbe  weight  of  the  body,  tbo  activity 

■  Tbar*  li  dufer  Is  *U«aptlD(  Ihli  eiporlnkeiit 
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of  the  rpapiratarv  process  is  iar  greatefit  in  cbiJJrcn,  and 
diniinislies  gradual)}'  with  nge.  The  eiicretion  of  carboiiig, 
acid  is  greatest  during  the  day,  and  gTHduuIly  sinks  at  nigiitu 
attaining  its  ininimum  ubuut  inidiiigljt,  or  a  little  after,       N 

Recent  observations  ap|)car  to  sliow  that  llie  rule,  tliati 
the  quantity  of  osygCQ  taken  in  by  rotipirHtiun  is,  approxi- 
mately, equal  to  that  given  out  by  expiration,  only  holds 
good  for  the  total  result  of  twenty-four  hours'  regpiraticm. 
Itluch  more  oxygen  appears  to  be  given  out  duruig 
dnytlme  (in  combination  witb  carbon  as  carbonic  acid] 
thim  is  absorbed ;  ^rbile,  at  night,  much  more  oxygen 
absorbed  than  b  excreted  as  carbonic  acid  during  the  same 
period.  And  it  is  very  probable  that  the  dehciency  of 
oxygen  towards  the  end  of  the  waking  hours,  wbich  is 
thus  produced,  is  one  cause  of  the  sense  of  fatigue  whielfl 
comes  on  at  that  time.  Tiiis  difference,  between  day 
night  is,  however,  not  constant,  and  appears  to  dejieud 
good  deal  on  the  time  when  food  is  taken. 

The  quantity  of  oxygen  which  disappears,  tn  proportion 
to  tLo  carbonic  acid  pven  out,  is  greatest  in  carnivorous, 
least  in  herbivorous  animals — greater  in  a  man  living  on 
a  flesh  diet,  than  when  the  same  man  ia  feeding  on  vege- 
table  matters. 

184.  Aspliyxia. — When  a  man  is  strangled,  drowned; 
or  dtoked,  or  is,  in  any  otiier  way,  prevented  from  inspir- 
ing or  expiring  sufficiently  pure  atmospheric  air,  nhat  iff 
called  asphyxia  comes  on.  He  grows  "  black  in  the  fcce;' 
the  veins  become  turgid;  insensibility,  not  unfrequenti; 
aooompauied  by  convulsive  movements,  sets  in,  and  he 
dead  in  n  few  minntes. 

But,  in  this  asphyxiating  process,  two  deadly  inflnent 
of  a  distinct  nntitfe  are  cooperating;  one  is  Uie  deprivattt 
of  orygm,  the  other  is  tile  excessive  nccttmulatiort  of  c 
bonic  acid  in  the  blood.  Oxygen  slarvatiun  and  carbonii 
acid  poisoning,  each  of  which  mny  be  fatal  in  Itself, 
work  together. 
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The  effects  of  osygen  etarvation  may  be  studied  sepa- 
rately, by  placing  a  small  animal  under  the  receiver  of  an 
air~pump  aniJ  eithausting  tlieair;  or  by  replacing  the  air 
by  a  stream  of  hydrogen  or  nitrogen  jras.  In  tbese  cases 
no  accumulation  of  carbonic  acid  is  permitted,  but,  on  the 
other  hand,  the  supply  of  oxygen  soon  becomes  insufficient, 
and  the  animal  quickly  dies.  And  if  the  experiment  be 
made  in  another  way,  by  placing  a  small  mammal,  or  bird, 
in  air  from  which  the  carbonic  acid  is  removed  aa  soon  as 
it  is  formed,  the  animal  wilt  nevertheless  die  as  soon  aa 
the  amount  of  oxygen  ia  reduced  to  ten  per  cent,  or  there- 
abouts. 

The  directly  poisonous  effect  of  carbonic  acid,  on  the 
other  hand,  has  been  very  much  exaggerated.  A  very 
large  quantity  of  pure  carbonic  acid  (ten  to  fifteen  or 
twenty  per  cent.)  may  be  contained  in  air,  without  pR> 
during  any  very  serious  immediate  effect,  if  the  quantity 
of  oxygen  be  simultaneously  increased.  And  it  is  possible 
that  what  appear  to  be  the  directly  poisonous  effecta  of 
carbonic  acid  may  really  arise  from  its  taking  up  the  room 
t!iat  ought  to  be  occupied  by  oxygen.  If  this  be  the  case, 
carbonio  acid  is  a  negative  rather  than  a  positive  poison. 

126.  How  it  dertroyi  Life, — ^\Tiichcvcr  may  be  the 
more  potent  agency,  the  effect  of  the  two,  as  combined  in 
asphyxia,  ia  to  produce  an  obstruction,  firstly,  in  the  pul- 
monary circulation,  and,  secondly,  in  the  veins  of  the  body 
generally.  The  lungs  and  the  right  side  of  the  heart,  con- 
sequently, become  gorged  with  blood,  while  the  arteries 
and  left  side  of  the  heart  gradually  empty  themselves  of 
the  small  supply  of  dark  and  unaerated  blood  which  they 
receive.  The  heart  becomes  paralyzed,  partly  by  reason 
of  the  distention  of  its  right  side,  hut  chiefly  from  being 
supplied  with  venous  blood ;  and  nil  the  organs  of  the  body 
gradually  cease  to  act. 

136,  Poisoning  by  Sulphuretted  Hydrogen  and  Carbonio 
Oxide. — Sulphuretted  hydrogen,  so  well  known  by  its  of- 
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fensive  Etnell,  h»s  long  liad  tlie  repute  of  being  a.  positive 
poison.  But  its  evil  effects  appear  to  arise  chiefly,  if  not 
wholly,  from  the  circumstance  that  its  hydrogen  combinea 
with  the  oxygen  carried  by  the  blood-corpuscles,  and  tUuH 
gives  rise,  indirectly,  to  a  form  of  oxygen  starralion. 

Carbonic-oxide  gas  hae  a  much  more  serious  effect,  as  it 
turns  out  the  oxygen  from  the  blood-corpuacles,  and  forma 
a  combination  of  its  own  with  the  hseuioglobin.  The  com- 
pound Ihiis  formed  is  only  very  gradually  decomposed  by 
fresh  oxygen,  so  that  if  any  large  proportion  of  the  blood- 
corpuscles  be  thus  rendered  useless,  the  animal  dies  before 
restoration  can  be  effected, 

Badly-mude  common  gaa  sometimes  contains  twenty  to 
thirty  per  cent,  of  carbonic  oxide ;  and,  under  these  cirouni- 
stanoes,  a  leakage  of  the  pipes  in  a  house  may  be  extremely 
perilous  to  life. 

127,  Slow  Asphyxiation. — ^It  is  not  necessary,  however, 
absolutely  to  strangle,  or  drown,  a  man,  in  order  to  as- 
phyxiate him.  As,  other  tilings  being  alike,  the  rapidity 
of  diffusion  between  two  gaseous  mixtures  depends  on  the 
difference  of  the  proportions  in  which  their  constituents  are 
mixed,  it  follows  that  the  more  nearly  the  composition  of 
the  tidal  air  approaches  that  of  the  stationary  air,  the  slower 
will  be  the  diffusion  of  carbonic  acid  outwards  and  of  oxy- 
gen inwards,  and  the  more  charged  with  carbonic  acid  and 
defective  in  oxygen  will  the  air  in  the  air-celU  become. 
And,  on  diminishing  the  proportion  of  oxygen  or  increas- 
ing the  proportion  of  carbonic  acid  in  the  tidal  air,  a  point 
will  at  length  be  reached  when  the  change  effected  in  tho 
stationary  air  is  too  slight  to  enable  it  to  relieve  tho  pul- 
monary blood  of  its  carbonic  acid,  and  to  supply  it  with 
oxygen  to  tho  extent  required  for  its  arterial ization.  In 
this  case  the  blood,  which  passes  into  the  aorta,  and  is 
thence  distributed  to  the  heart  and  the  body  generally, 
being  venous,  all  the  symptoms  of  insensibility,  loss 
muicular  power,  and  tho  like,  which  have  been  enumerated 
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HeDce  the  aeoessilv  of  sufficient  air.  Mid  of  Tentilstioii 
for  erery  humaD  bein^.  To  be  supplied  with  respinitory 
air  in  a  ttir  state  of  puritr.  every  man  ought  to  bnve  at 
least  eight  hundred  cubic  feet  of  space '  to  himsrlf,  and 
that  space  ought  to  be  freely  accessible,  by  direct  or  indi- 
rect chaoneU,  to  the  atmosphere. 


CHAPTER    V. 

TnK  HOrBCES   OP   L08B   AND    OF   GAIN  TO  niK   Bl.OOIt. 

Section  I. — Sources  of  Lok^i  to  the  ISlootl. 
129.  Distribution  of  Arterial  Blood.— Tlic  blood  whi.ih 
1  been  aerateil,  or  urtcrialized,  by  the  process  duscribiM] 
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in  the  preceding  chapter,  is  curried  from  the  lung^  by  the 
pulmonary  veins  to  the  left  auricle,  and  is  then  forced  hy 
the  auricle  into  the  ventricle,  and  by  the  ventricle  into  the 
aorta.  Ae  that  great  vessel  traverses  the  thorax,  it  gives 
off  several  large  arteries,  by  means  of  nliich  blood  is  dis- 
tributed to  the  head,  the  arms,  and  the  walls  of  the  body. 
Passing  through  the  diaphragm  (Fig.  39),  the  aortic  trunk 
enters  the  cavity  of  the  abdomen,  and  becomes  what  is 
called  the  <tf'dominul  aorta,  from  which  vessels  are  given 
off  to  the  viscera  of  the  abdomen.  Finally,  the  main  stream 
of  blood  flows  into  the  iliac  arteries,  whence  the  viscera  of 
the  pelvis  and  the  legs  are  supplied. 

Having  traversed  the  ultimate  ramifications  of  the  ar- 
teries, the  blood,  as  we  have  seen,  enters  the  capillaries. 
Here  the  products  of  the  waste  of  the  tissues  oonstautly 
pour  into  it ;  and,  as  the  blood  is  everywhere  full  of  cor- 
puscles, which,  like  all  other  living  things,  decay  and  die, 
the  results  of  their  decomposition  everywhere  accumulate 
in  it  It  follows  that,  if  the  blood  is  to  be  kept  pure,  the 
waste  matters  thus  incessantly  poured  into,  or  generated  in 
it,  must  be  as  constantly  got  rid  of,  or  escrcted. 

130.  The  Tarioiu  Biaiiu  upon  the  Blood.  —  Three  dis- 
tinct sets  of  organs  are  especially  charged  with  this  office 
of  continually  excreting  carbonic  acid,  water,  and  urea. 
They  are  the  lungs,  the  kidneys,  and  the  akin  {aee  88). 
Tiiese  three  great  organs  may  therefore  he  regarded  as  so 
many  drains  from  the  blood — as  so  many  channels  by  which 
it  is  constantly  lofiiug  substance. 

Further,  the  blood,  as  it  passes  through  the  capillaries, 
is  constantly  losing  matter  by  exudation  into  the  surround- 
ing tissues. 

Another  kind  of  loss  takes  place  from  the  surface  of  the 
body  generally,  and  from  the  interior  of  the  air-passages 
and  lunga.  Heat  is  constantly  being  given  off  from  the 
former  by  radiation,  evaporation,  and  conduction  :  from  the 
latter,  chiefly  by  evaporation. 
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131.  LoM  by  the  Liver  and  Longs. — The  blood  wbich 
enters  the  liver  is  constantly  losing  metcrial  to  that  or 
gan ;  but  the  loss  is  only  t«uiponiry,  as  almost  till  the 
matter  lost,  converted  into  sugar  and  iulo  bile,  reCntvra 
the  current  of  the  circulation  in  ibe  liver  itself,  or  clst- 

Again,  the  loss  of  matter  by  the  lungs  in  expiration  in 
partially  made  good  by  the  no  less  cuustant  gain  wliii'h 
results  from  the  quantity  of  oxygen  ul>sorbe(l  at  caefa  in- 
spiration: while  the  combustion  which  is  carried  on  in  tbu 
tissues,  by  means  of  this  oxygen,  is  the  ■ourcu  not  only  of 
the  heat  which  is  given  off  through  the  lungs,  but  also  of 
that  wbich  is  carried  away  from  the  gcnersl  surface  of  the 
body.  And  the  loss  by  exudation  from  the  capilUriea  is, 
in  some  degree,  compensated  by  the  gain  from  the  lym- 
phatics and  ductless  glands, 

132.  Other  Lonea  and  Oaiiu,  —  In  the  instances  just 
mentioned  the  loss  and  gain  arc  constant,  and  go  on  while 
life  and  health  last  But  there  are  certain  other  operations 
which  cause  either  loss  or  gain  to  the  blood,  and  which  are 
not  continuous,  but  take  place  at  intervals. 

These  are,  on  the  side  of  loss,  the  actions  of  the  many 
tecretory  glands,  which  separate  certain  substances  from 
ttie  blood  at  recurrent  periods,  in  Ihc  intervals  of  which 
they  are  quiescent. 

On  the  side  of  gain  arc  the  contractions  of  the  mitn- 
«fea,  vbich,  during  their  activitv,  cause  a  great  quantity 
of  waste  materials  to  appear  in  the  blood ;  and  the  opera- 
tions of  the  alimentary  r<inal,  which,  for  a  certain  period 
after  food  has  been  taken,  p<L>ur  new  materials  into  the 
blood. 

Under  some  circumstances,  the  skin,  by  absorbliig  fluids, 
may  become  a  source  of  gain. 

133.  Table  of  Sources  of  Lom  and  Gain.  — The  sources 
of  loss  and  gain  to  the  blood  miiy  be  conveniently  anangcd 
in  the  following  tabular  form  : 
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A.  Ikcbbbantlt  Active  Socbcks  of  Loss  ok  Gais  to 

THE  Blood,' 
a.  Sources  of  loss. 
I.  Zosfi  of  Matter. 

1.  The  lungs  (carbonic  acid,  wak-r). 

2.  The  kidneys  (urea,  water,  salines). 

3.  The  skin  (water,  carbonic  acid). 

4.  The  liver  (bile,  glycogen), 

5.  The  tissues  generally  (constructive  materia!). 
IL  Loss  of  heal. 

1.  The  free  surfaces  of  the  body. 
6.  Sources  of  gain. 
I.    Gain  of  matter. 

1.  The  lungs  (oiygen), 

2.  The  liver  (sugar,  etc.). 

3.  The  lymphatics  (corpuscles,  lymph), 

4.  The  tissues  generally  (waste  matters), 
fi.  The  spleen  and  other  ductless  glands. 

n.  Qainofkeat. 

1.  The  blood  itself  and  the  tissues  generally. 

B.  iNTERsmTENTLY  AcTiVK  SoTittCKs  OF  Loss  OH  Gain 

TO  THE  Blood. 
a.  Sources  of  loss. 

1.  Many  secreting  glands  (secretions). 
J.  Sources  of  gain. 

1.  The  muselea  (waste  matters). 

2.  The  alimentary  canal  (food). 

The  skin  (absorption  of  liquids  occasionally). 

134.  Constant  Loss  by  the  Zidneys. — In  the  preceding 
chapter  I  have  described  the  ojiemtion  by  which  the  lungs 
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withdraw  irom  the  blood  much  carbonio  aciil  and  water, 
and  supply  oxygen  to  the  blood ;  I  now  proceed  to  the 
second  source  of  oontinual  loss,  the  Kibnetb. 

Of  these  organs,  there  are  two,  placed  at  the  back  of 
the  abdominal  cavity,  one  on  each  side  of  the  lumbar  re- 
gion of  the  spine.  Each,  though  somewhat  larger  than  the 
kidney  of  a  sheep,  has  a  similar  shape.  The  depressed,  or 
concave,  side  of  the  kidney  is  turned  inwards,  or  towards 
the  spine;  and  its  convex  side  is  directed  outwards  (Fig, 
32).  From  the  middle  of  the  concave  side  (called  the 
AiYug)  of  each  kidney,  a  long  tube  with  a  small  bore,  the 
UrOer  (  ;7r.),  proceeds  to  the  Bladder  (Bl). 
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The  kMi»ra  (£'.):  nrelrn  { TrJ ;  nitb  thn  umi.!".!.  rmd  icm  «r>  inri-riorcr. 

The  latter,  situated  in  the  pelvis,  is  an  oval  bag,  the 
walls  of  which  contain  abundant  nnatriped  muscular  fibre, 
while  it  is  lined,  internally,  by  mucous  membrane,  and 
coated  externally  by  a  layer  of  the  peritoneum,  or  double 
bag  of  serous  membrane  which  has  exactly  the  same  rela- 
tions to  the  cavity  of  the  abdomen  and  the  viscera  con- 
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tained  in  them  as  the  pleura  have  to  the  thoracic  cavity 
and  the  lungs.  The  ureters  open  side  by  side,  but  at  some 
little  distance  from  one  auother,  od  the  posterior  and  in- 
ferior wall  of  the  bladder  (Fig.  32,  1,  1).  In  front  of  them 
is  a  single  aperture  whbh  leads  into  the  canal  called  the 
Urethra  (Fig.  33,  2),  by  which  tie  cavity  of  the  bladder  is 
placed  in  communication  with  the  exterior  of  the  body. 
The  openings  of  the  ureters  enter  the  walls  of  the  bladder 
obliquely,  so  that  it  is  much  more  eaay  for  the  fluid  to  pass 
bora  the  ureters  into  the  bladder  than  for  it  to  get  the 
other  way,  from  the  bladder  into  the  ureters. 

Mechanically  speaking,  there  is  little  obstacle  to  the 
free  flow  of  fluid  from  the  ureters  into  the  bladder,  and 
from  the  bladder  into  the  urethra,  and  so  outwards ;  but 
certain  muscular  fibres  arranged  circularly  around  the  part 
called  the  "neck"  of  the  bladder,  where  it  joins  the  ure- 
thra, constitute  what  is  termed  a  sphincter,  and  are  usually, 
during  life,  in  a  state  of  contraction,  bo  as  to  close  the  exit 
of  the  bladder,  while  the  other  muscular  fibres  of  the  organ 
are  relaxed. 

It  is  only  at  intervals  that  this  state  of  matters  is  re- 
versed ;  and  the  walls  of  the  bladder  contracting,  while  its 
sphincter  relaies,  its  contents,  the  urine,  are  disolmrged. 
But,  though  the  expulsion  of  the  secretion  of  the  kidneys 
from  the  body  is  thus  intermittent,  the  excretion  itself  is 
constant,  and  the  urinary  fluid  flows,  drop  by  drop,  from 
the  opening  of  the  ureters  into  the  bladder.  Here  it  ac- 
cumulates, until  its  quantity  is  sufficient  to  give  rise  to  the 
uneasy  sensations  which  compel  its  expulsion. 

136.  CompoBition  of  Renal  ExoretioiL'The  renal  excre- 
tion has  naturally  an  acid  reaction,  and  consists  chiefly  of 
urea  with  some  uric  acid,  sundry  other  animal  products 
of  less  importance,  including  certain  coloring-matters,  and 
saline  and  gaseous  substances,  all  held  in  solution  by  a 
large  quantity  of  water. 

The  quantity  and  composition  of  the  urine  vary  greatly 
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according  to  tfae  time  of  daj  ;  the  temperature  and  niuistr 
ure  of  the  air ;  the  fasting  or  replet«  cotidition  of  the 
alimentary  canal ;  and  the  oature  of  the  food. 

Urea  and  uric  acid  are  both  com[K>Hed  of  the  elements 
carbon,  hydrogen,  oxygen,  and  nitrogen ;  but  the  urea  is 
by  far  the  more  soluble  in  water,  and  greatly  exceeds  the 
uric  acid  in  quantity. 

An  average  healthy  man  excretes  by  the  kidneys  about 
fifty  ounces,  or  twenty-four  thousand  grains  of  water  a  day. 
In  this  are  dissolvetl  five  hundred  grains  of  urea,  but  not 
more  than  ten  to  twelve  grains  of  uric  acid. 

The  amount  of  other  animal  matters,  and  of  saline  sub- 
stances, varies  from  one-third  as  much  to  nearly  the  same 
amount  as  the  urea.  The  saline  matters  consist  chiefly  of 
common  salt,  phosphates  and  sulphates  of  potash,  soda, 
lime,  and  magnesia.  The  gases  are  the  same  as  those  in 
the  blood — namely,  carbonic  acid,  oxygen,  and  nitrogen. 
But  the  quantity  is,  proportionally,  less  than  one-third  as 
great ;  and  the  carbonic  acid  is  in  very  large,  while  the 
oxygen  is  in  very  small,  amount. 

The  average  specific  gravity  does  not  differ  very  widely 
from  that  of  blood-scmn,  being  1.030. 

136.  Kidneys  and  Longs  compared. — The  excretion  of 
nitrogenous  waste  nnd  wuler,  with  a  little  carbonic  acid, 
by  the  kidneys,  is  thus  strictly  comparable  to  that  of  car- 
bonic acid  and  water,  by  the  lungs,  in  the  air-cells  of  which 
carbonic  acid  and  watery  vapors  are  incessantly  accumu- 
lating, to  be  periodically  expelled  by  the  act  of  expiration. 
But  the  ojjeration  of  the  renal  apparatus  differs  from  that 
of  the  respiratory  organs,  in  the  far  longer  intervals  be- 
tween the  expulsory  acts ;  and  still  more  in  the  circum- 
stance that,  while  the  substance  which  the  lungs  take  into 
the  body  is  as  important  as  those  which  they  give  out,  the 
kidneys  take  in  nothing. 

•,/  137.  The  Structnre  of  the  Kidney.— It  will  be  observed 
that  all  the  chief  constituents  of  the  urine  are  already  con- 
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taiiied  ID  the  blood,  and  indeed,  it  might  almost  be  said  to 
be  tbc  blood  devoid  of  its  corpuscles,  fibrin,  and  albumen. 
Speabiug  broadly,  it  is  such  a.  fluid  as  might  be  separated 
from  the  blood  by  the  help  of  any  kind  of  filter  which  had 
the  property  of  retaiuing  these  constitueiits,  and  letting 
the  rest  flow  off.  The  filter  required  is  found  in  the  kid- 
ney, with  the  minute  structure  of  which  it  ia  now  aeoea- 
sary  to  become  acquainted. 

When  a  longitudinal  section  of  a.  kidney  is  made  (Fig, 
33),  the  upper  end  of  the  ureter  (  (7)  seeois  to  widen  out 


into  a  basin-like  cavity  (P),  which  is  called  the  pelvis  of 
the  kidney.  Into  this,  sundry  conical  elevations,  called  the 
pyramids  (iV)  project;  and  their  aummils  present  mul- 
titudes of  minute  openings — the  final  terminations  of  the 
^ubuli,  of  which  the  thickness  of  the  kidney  is   chiefly 
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made  up.  If  the  tubules  be  traced  from  their  openings 
towards  the  outer  surface,  tbcy  are  found,  at  first,  to  lie 
parallel  with  one  another  io  bundles,  which  radiate  tow- 
ards the  surface,  and  subdivide  as  tbey  go  ;  but  at  length 
they  spread  about  irregularly,  and  become  interlaced.  From 
this  circumstance,  the  middle,  or  medullary,  part  {marrow, 
medulla)  of  the  kidney  looks  different  from  the  superficial, 
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or  eortiral,  part  (bark,  cortex) ;  but,  in  addition,  the  cor- 
tical part  is  more  abundantly  supplied  with  vessels  than 
the  medullary,  and  hence  has  a  darker  aspiect.  The  great 
majority  of  the  tubules,  after  a  very  devious  course,  ulti- 
mately terminate  in  dilatations  (Fig,  35),  which  are  called 
JWalpiffhian  capsules.  Into  the  summit  of  each  capsule  a 
small  vessel  (Figa.  35  and  3H,  va),  one  of  the  ultimate 
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branches  of  the  renal  artery  (Fig.  33,  RA),  enters  (driving 
llie  thin  wall  of  the  capsule  before  it),  and  immediately 
breaks  up  iuto  a  buticli  nf  looped  capillaries,  called  a  glo- 
mertdua  (Fig.  35,  ijl),  which  nearly  fills  the  cavity  of  the 
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capsule.  The  blood  is  carried  awaj  from  this  fflomerulua 
by  &  small  vein  {ve),  which  does  Dot,  at  oace,  join  with 
other  veins  into  a  larger  venous  trunk,  but  opens  into  the 
net-work  of  capillaries  (Fig.  36)  which  surrouuds  the  tu- 
bule, thus  repeating  the  portal  circulation  ou  a  email  scale. 

The  tubule  has  an  epithelial  lining  (Fig.  36,  c,  and  Fig. 
37,  o),  continuous  with  thiit  of  the  pelvis  of  the  kidney, 
and  the  urinary  passnges  generally.  The  epithelium  is 
thick  and  plain  enough  in  the  tubule,  but  it  becomes  very 
delicate,  or  even  disappears,  in  the  capsule  and  on  the 
glomerulus  (Fig.  35,  a,  b). 

138.  Tile  Filtering  Hechanism, — It  is  obvious,  from 
this  description,  that  the  surface  of  the  glomerulus  is, 
practically,  free,  or  in  direct  communication  with  the  ex- 
terior by  means  of  the  cavity  of  the  tubule ;  and  further, 
that,  in  each  vessel  of  the  glomerulus,  a  tliin  stream  of 
blood  constantly  flows,  only  separated  from  the  cavity  of 
the  tubule  by  the  very  delicate  membrane  of  which  the 
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wall  of  the  vessel  is  composed.  Tlie  Malpighian  capsule 
may,  in  fact,  be  regarded  as  a  funnel,  and  the  membraDOUS 
walla  of  the  glomerulus  as  a  piece  of  very  delicate  fdtering- 
paper,  into  which  the  blood  is  poured. 

139.  Changes  of  the  Blood  while  passing  through  the 
Kidneys. — Tlie  blood  which  supplies  the  kidneys  is  brought 
directly  from  the  aorta  by  the  renal  arteries,  so  that  it  has 


133  ELEHENTABY   PUTSIOLOOT,  1 

but  shortly  left  the  heart.  The  venous  blood  wliiph  enters 
the  heart,  and  is  propelled  tu  the  lungs,  charged  with  the 
nitrogenous,  as  well  as  with  the  other  products  of  waste, 
loses  only  an  inappreciable  quantity  of  the  former  in  its 
course  through  the  limga ;  so  that  the  arterial  blood  which 
fills  the  aorta  is  pure  only  &s  regards  carbonaceous  waste, 
while  it  is  impure  as  regards  urea  and  uric  acid. 

In  the  healthy  condition,  the  walls  of  the  minute  renal 
arteries  and  veins  are  relaxed,  so  that  the  passage  of  the 
blood  is  very  free  ;  and  but  little  waste,  arising  from  mus- 
cular contraction  in  the  walls  of  these  vessels,  is  thrown 
into  the  renal  blood.  And,  as  the  urine  which  is  separated 
from  the  renal  blood  contains  proportionately  less  oxygen 
and  more  carbonic  acid  than  the  blood  itself,  any  gain  of 
carbonic  acid  from  this  source  is  probably  at  once  counter 
balanced.  Hence,  so  long  as  the  kidney  is  performing  its 
functions  properly,  the  blood  which  leaves  the  organ  by 
the  renal  vein  is  as  bright  scarlet  as  that  wliieh  enters  it 
by  the  renal  artery.  8trictly  speaking,  it  is  the  purest 
blood  in  the  body,  carefid  analysis  having  shown  that  it 
contains  a  sensibly  smaller  quantity  of  urea  and  of  water 
than  that  of  the  left  side  of  the  heart.  This  difference  is, 
of  course,  a  necessary  result  of  the  excretion  of  the  urinary 
fluid  from  the  blood  as  it  travels  through  the  kidney. 

As  the  renal  veins  pour  their  contents  directly  into  the 
inferior  vena  cava  {see  Fig.  32),  it  follows  that  the  blotxl  in 
the  upper  part  of  this  vein  is  so  much  the  less  impure,  or 
venous,  than  that  contained  in  the  inferior  vena  cava,  below 
the  renal  veins. 

140.  The  Nervous  System  controls  the  Benal  Excretion. 
— Irritation  of  the  nerves  which  supply  the  waUs  of  the 
vessels  of  the  kidney  has  the  immediate  effect  of  stopping 
the  excretion  of  urine,  and  rendering  the  renal  blood  dark 
and  venous.  The  first  effect  would  appear  to  be  explicable 
by  the  diminution  of  the  pressure  exerted  upon  the  blood 
in  the  Malpighian  tufts,  in  consequence  of  the  diminution 
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in  the  size  of  the  channels — the  Bmull  arteries — b^  which 
the  blood  rea<:lie5  them.  And  the  secoud  efioct  is  prob' 
ably,  in  port,  a  secondary  result  of  the  first — the  excretion 
of  carbonic  acid  by  the  urine  ceasing;  with  the  suppression 
of  that  fluid  ;  whUe,  to  a  large  extent,  it  is  also  the  result 
of  a  pouring  in  of  carbonic  acid  into  the  renal  blood,  in 
consequence  of  the  work  of  the  muscles  of  the  small  ves- 
sels, and  the  waste  which  results  there&om. 

141.  The  LoflS  by  the  Skin.— That  the  akin  is  a  source 
of  continual  loss  to  the  blood  may  be  proved  in  various 
ways.  If  the  whole  body  of  a  man,  or  one  of  hie  limbs,  be 
inclosed  in  a  caoutcliouo  bag,  full  of  air,  it  will  be  found 
that  this  air  undergoes  changes  which  arc  similar  in  kind 
to  those  which  take  place  in  the  air  which  is  inspired  into 
the  lungs.  That  is  to  say,  the  air  loses  oxygen  and  gains 
carbonio  acid  ;  it  also  receives  a  great  quantity  of  watery 
vapor,  which  condenses  upon  the  sides  of  the  bag,  and 
may  be  drawn  off  by  a  properly-disposed  pipe. 

Under  ordinary  circumstances  no  liquid  water  appears 
upon  the  surface  of  the  integument,  and  the  whole  process 
receives  the  name  of  the  ttisenaible  perspiration.  But, 
when  violent  exercise  is  taken,  or  under  some  kinds  of 
mental  emotion,  or  when  the  body  is  exposed  to  a  hot  and 
moist  atmosphere,  the  perspiration  becomes  J<e«s(Wey  that 
is,  appears  in  the  form  of  scattered  drops  upon  the  surfbce. 

142.  Quantity  of  the  Cntaneoot  ExcretioiiB. — The  quau- 
tity  of  aieeat,  or  sensible  perspiration,  and  also  the  total 
amount  of  botii  sensible  and  insensible  perspiration,  vary 
immensely,  according  to  the  temperature  and  other  con- 
ditions of  the  air,  and  according  to  the  state  of  the  blood 
and  of  the  nervous  system.  It  is  estimated  that,  as  a  gen- 
eral rule,  the  quantity  of  water  excreted  by  the  skin  is 
about  double  that  given  out  by  the  lunga  in  the  same  time. 
The  quantity  of  carbonic  acid  is  not  above  ^th  or  ^ih  of 
that  excreted  by  the  lungs ;  and  it  is  not  certain  that  in 
health  any  appreciable  quantity  of  urea  is  given  oS. 
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lu  its  normal  state  the  sweat  is  acid,  and  contains  fatty 
matters,  even  when  obtained  free  from  the  tatty  products 
of  tbe  aebaceova  glanda.  Ordinarily,  perspiration,  aa  it 
collects  upon  the  skin,  is  mixed  with  the  fatty  secretion 
of  these  giands ;  and,  in  addition,  contains  scales  of  the 
external  layers  of  the  epidermis,  which  are  constantly 
Leing  shed, 

143.  Fenpiration  by  Simple  TrauBudatioiL — In  analyz- 
ing the  process  by  which  the  perspiration  ia  eliminated 
from  the  body,  it  must  be  recollected,  in  the  first  place, 
that  the  skin,  even  if  there  were  no  glandular  structures 
connected  with  it,  would  Iw  in  the  position  of  a  moderately 
thick,  permeable  membrane,  interposed  between  a  hot  fluid, 
the  blood,  and  tlie  atmosphere.  Even  in  hot  climates  the 
air  is,  usually,  far  from  being  completely  saturated  with 
watery  vapor,  and  in  temperate  climates  it  ceases  to  be  so 
saturated  the  moment  it  conies  into  contact  with  the  skin, 
the  temperature  of  which  is,  ordinarily,  twenty  or  thirty 
degrees  above  its  own. 

A  bladder  exhibits  no  sensible  pores,  but,  if  filled  with 
water  and  suspended  in  the  air,  the  water  will  gradually 
ooze  through  the  walls  of  the  bladder,  and  disappear  by 
evaporation.  Now,  in  its  relation  to  the  blood,  the  skin  is 
such  a  bladder  full  of  hot  fluid. 

Thus,  perspiration  to  a  certain  amount  must  always  be 
going  on  through  the  substance  of  the  integument ;  but 
what  the  amount  of  this  perspiration  may  be  cannot  be 
accurately  ascertained,  because  a  second  and  very  impor- 
tant source  of  the  perspiration  is  to  be  found  in  what  are 
called  the  Sireut-glands. 

144.  The  Sweat-Qlanda.— All  over  the  body  the  integu- 
ment presents  minute  apertures,  the  ends  of  channels  exca- 
vated in  the  epidermis  or  scarf-skin,  and  each  continuing  the 
direction  of  a  minute  tube,  usually  about  y)7rth  of  an  inch 
in  diameter,  and  a  quarter  of  an  inch  long,  which  is  em- 

a  the  dermis.     Each  tube  is  lined  with  an  epithe- 
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lium  coDtiniiOUB  with  the  epidermis  {Fig.  40,  e).  The  tiilje 
sometimes  divides,  but,  whether  single  or  braoclied,  its 
ler  end  or  ends  are  blind,  and  coiled  up  into  a.  sort  of 
knot,  interliiL'ed  with  a  mesh-work  of  capillaries  (Fig  3if,  ff, 
and  Fig.  41). 

The  blood  in  these  eapillarieB  is  therefore  separated 
from  the  cavity  of  the  sweat-gland  only  by  the  thin  walls 
of  the  capillaries,  that  of  the  glandular  tube,  and  its  epi- 
thelium, which,  taken  together,  constitute  but  a  very  thin 
pellicle ;  and  the  armngemeut,  though  different  in  detail, 


Flff.  39.— SMTHnn  of  ths  >k[n  dinwliij;  the  awHit-Kluidi,  n.  Uu  vnldmnla ;  b.  lU 
dMpcr  taver.lhf  rrle  Mainigkil:  e.  rf.  U»  dermlj  or  irup  iWn;/ hl-™ll>;  a  tba 
wllnl  and  of  ■  •vul-gluii) ;  k.  LU  duel ;  i,  lu  aponlng  an  U»  aiir&«  of  Uw  t^a- 


is  similar  in  princi|)]e  to  that  which  obtams  in  the  kidney. 
In  the  latter,  the  vessel  makes  a  coil  within  the  Malpighian 
capsule,  which  ends  a  tubule.  Here  the  perspiratory  tubule 
coils  about  and  among  the  vessels.  Tn  both  rases  the  same 
result  is  arrived  at — namely,  the  exposure  of  the  blood  to 
a  large,  relatively  free,  surface,  ou  to  which  certain  of  its 
oontenta  transude. 
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The  number  of  these  glands  varies  in  differeot  part^-  - 
the  body.  Tliey  are  fewest  in  the  back  and  neck,  m  I. 
their  number  is  not  much  more  than  four  hundred  [. 
square  inch.  They  are  more  numerous  on  the  skin  of  i 
palm  and  sole,  where  their  apertures  follow  the  i 
visible  on  the  skin,  and  amount  to  between  two  and  Ihi 
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'  -o  fed,  the  liver  be  ei- 
.MitiT  forced  into  the  vena 
:..  [iiitic  vein,  carrying  with 

■  -i  u-ill,  after  n  time,  corae 
'j-ir.  Nevertheless,  if  the 
■  i|ir:ite  temperature|Siigiir 

'.i.ijiiiil  as  above  described,  a 
,hy  appropriate  methods, which 
!,  in  chemical  composition,  con- 
uniled  with  hydrogen  and  oxy- 
tbe  same  proportions  as  iu  water. 
Is  the  glycogen  spoken  of  in 
kept  for  long  periods  without 


starch  and  dextrine,  this  animal 
fortned  in  the  liver,  since  it  is  cei^ 
'  in  the  blood  of  the  portal  vein, 
■icry,  is  very  readily  cliangcd,  by 
ITS,  which  act  as  fermcnta,  into 
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Icr  ordinary  circiunetances  in  the  liver. 

drcumstances  together,  the  following 

Idle  of  the  appearance  of  sugar  in  the 

and  vena  cava,  when  neither  if, 

of  which  it  is  easily  foimed,  exists 

to  the  liver,  appears  to  have  much 

may  possibly  require  modification, 

out  cf  the  blood  with  which  it 
blond  supplies  the  ferment  which, 
if  ilie  body,  very  speedily  conve 
Ir  soluble  glycogen  into  very  soluble 
dissolved  and  carried  away 
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The  number  of  these  glands  varies  id  different  parts  of 
the  body.  They  are  fewest  in  tlie  back  and  neck,  where 
their  number  is  not  much  more  than  four  hundred  to  a 
square  inch.  They  are  more  numerous  on  the  skin  of  the 
palm  and  sole,  where  their  apertures  follow  the  ridges 
visible  on  the  skin,  and  amount  to  between  two  and  three 
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thousand  on  the  square  inch.  At  a  rough  estimate,  the 
whole  integument  probably  poesessee  not  fewer  than  from 
two  millions  and  a  quarter  to  two  millions  and  a  half  of 
these  tubules,  whith  therefore  must  poBsesa  a  very  great 
aggregate  secreting  power. 


145.  These  Glands  are  controlled  by  the  Kervons  Syt- 
tem, — Tlie  sweat-glands  arc  greatly  under  the  iiilluencc  of 
the  ner\-ous  system.  Tliis  is  proved,  not  merely  by  the 
well-known  effecl«  of  mental  emotion  in  sometimes  sup- 
pressing the  perspiration  and  sometimes  causing  it  to  be 
poured  forth  in  immenee  abundance,  but  has  been  made  a 
matter  of  direct  experiment.  There  are  some  animals,  such 
as  the  horac,  which  perspire  very  freely.  If  the  sympa- 
thetic nerve  of  one  side,  in  the  neck  of  a  horse,  be  cut,  the 
same  side  of  the  head  becomes  injected  with  blood,  and 
its  temperature  rises  (67) ;  and,  simultaneouslv,  sweat  is 
poured  out  abundantly  over  the  whole  surface  thus  affect- 
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ed.  On  irritating  that  end  of  the  cut  nerve  which  iB  in 
connection  with  the  veasets,  the  rauBcii!ar  walls  of  the  lat- 
ter, to  which  the  nerve  is  distributed,  contract,  the  conges- 
tion ceases,  and  with  it  the  perspiration. 

146.  VariatioaB  in  the  Ferspiiatory  Losses. — The  amount 
of  matter  which  may  be  lust  by  perspiration,  under  certain 
circumstances,  b  very  remarkable.  Heat  aud  severe  labor, 
combined,  may  reduce  the  weight  of  a  man  two  or  three 
pounds  la  an  hour,  by  uteans  of  the  cutaneous  perspiration 
alone ;  and,  as  there  is  some  reason  to  believe  that  the 
quantity  of  solid  matter  carried  o£F  from  the  blood  does  not 
diminish  with  the  increase  of  the  amount  of  the  perspira- 
tion, the  total  amount  of  solids  which  are  eliminated  by 
profuse  sweating  may  be  considerable. 

The  difference  between  blood  which  is  coming  from, 
and  that  which  is  g^ing  to,  the  skin,  can  only  be  con- 
cluded from  the  nature  of  the  substances  given  out  in  the 
perspiration  ;  but  arterial  blood  is  not  rendered  venous  in 
the  skin. 

147.  The  Longs,  Skin,  and  Kidneys,  compared — It  will 
now  be  insti-uctive  to  compare  together,  in  more  detail 
than  has  been  done  in  the  first  chajiter  (38),  the  three 
great  organs — lungs,  kidneys,  and  skin — which  have  been 


In  ultimate  anatomical  analysis,  each  of  these  organs 
consists  of  a  moist  animal  membrane  separating  the  blood 
from  the  atmosphere. 

Water,  carbonic  acid,  and  solid  matter,  pass  out  from 
the  blood  through  the  animal  membrane  in  each  organ,  and 
constitute  its  secretion  or  excretion  ;  but  the  three  organs 
differ  in  the  absolute  and  relative  amounts  of  the  constit- 
uents the  escape  of  which  they  permit. 

Taken  by  weight,  water  is  the  predominant  excretion 
in  all  three :  most  solid  matter  is  given  off  hy  the  kidneys ; 
most  gaseous  matter  by  the  lungs, 

Tlie  skin  partakes  of  the  nature  of  both  lungs  and  kid- 
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neys,  seeing  that  it  absorbs  oxygen  and  exhales  carbonic 
acid  and  water,  like  the  former,  while  it  excretes  organic 
and  saline  matter  in  solution,  like  the  latter  ;  but  the  skin 
is  more  closely  related  to  the  kidneys  than  to  the  lungs. 
Hence,  when  the  free  action  of  the  skin  is  interrupted,  its 
work  is  usually  thrown  upon  the  kidneys,  and  vies  vena. 
In  hot  weather,  when  the  excretion  by  the  skin  increases, 
that  of  the  kidneys  diminishes,  and  the  reverse  is  observed 
ia  cold  weather. 

This  power  of  mutual  substitution,  however,  only  goes 
L  little  way ;  for,  if  the  kidneys  be  extirpated,  or  their 
functions  much  interfered  with,  death  ensues,  however  ac- 
tive the  skin  may  be.  And,  on  the  other  hand,  if  the  skin 
be  covered  with  an  impenetrable  varnish,  the  temperature 
of  the  body  rapidly  falls,  and  death  takes  place,  though  the 
lungs  and  kidneys  remain  active. 

Skction  II. — Losses  and  Gains  by  the  Liver. 
148.  Structure  and  Connectiona  of  tlie  liver. — The  liver 
is  a  constant  source  Ixith  of  loss,  and,  in  a  sense,  of  gain, 
to  the  blood  which  pusses  through  it.  It  gives  rise  to 
loss,  because  it  separates  a  peculiar  fluid,  the  bile,  from  the 
blood,  and  throws  that  fluid  into  the  intestine.  It  is  also 
in  another  way  a  source  of  loss  because  it  elaborates  from 
the  blood  passing  through  it  a  substance  called  fflycogen, 
■which  is  stored  up  sometimes  in  large,  sometimes  in  small, 
quantities  in  the  cells  cf  the  lii-er.  This  latter  loss,  how- 
is  only  temporary,  and  may  be  sooner  or  later  con- 
id  into  a  gain,  for  this  glycogen  very  readily  passes 
into  sugar,  and  either  in  that  form  or  in  some  other  way  is 
carried  off  by  the  blood.  In  this  respect,  therefore,  there 
gain  to  the  blood  of  kind  or  (luality,  though  not  of 
quantity,  of  material.  Finally,  it  is  very  probable  that 
the  liver  is  one  source  of  the  colorless  corpuscles  of  tlie 
blood. 

The  liver  is  the  largest  glandular  organ  in  the  body, 
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ordinarily  weighing  about  fifty  or  sixty  ounces.  It  is  a 
broad,  dark,  red-colored  organ,  wliich  lies  on  the  right  side 
of  the  body,  iramediutely  below  the  diapbrngm,  with  wliich 
its  upper  surface  is  in  contact,  while  its  lower  surface 
touches  the  intestines  and  the  right  kidney. 
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The  liver  is  invested  by  a  coat  of  peritoneum,  which 
keeps  it  in  place.  It  is  flattened  from  above  downwards, 
and  convex  and  smooth  above,  where  it  fits  into  the  cou- 
cavity  of  the  lower  surface  of  tlie  diiipliragm.  Flat  and 
irregular  below  (Fig.  43),  it  is  thick  behind,  but  ends  in  a 
thin  edge  in  front. 

Viewed  from  below,  as  in  Fig.  42,  the  inferior  vena 
cava,  a,  is  seen  to  traverse  a  notch  in  the  hinder  edge  of 
the  liver  as  it  passes  from  the  abdomen  to  the  thorax.  At 
b  the  trunk  of  the  vena  portce  is  observed  dividing  into  the 
chief  branches  which  enter  into,  and  ramify  through,  the 
substance  of  the  organ.  At  d,  the  hejxilic  artery,  coming 
almost  directly  from  the  aorta,  similarly  divides,  enters  the 
liver,  and  ramifies  through  it;  while  at  c  is  the  single 
trunk  of  the  duct,  called  the  hepatic  duet,  which  conveys 
Kway  the  bile  brought  to  it  by  its  right  and  left  branches 
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the  portal  vein  and  hepBtic  artery  (Fig.  46,  V.P.)  will  be 
found  to  end  in  the  capillurics,  wliioh  traverse,  liko  a  nut* 
work,  the  substance  of  the  Bmallcst  obvioiiH  subdivisioni 
of  tbe  Uvereubstance — poly^nal  niaBB(?s  of  ODe-t«ntli  of 
an  inch  in  diameter,  or  lees,  which  arc  Urrmed  the  lohula. 
Every  lobtiie  ia  seated  by  its  base  upon  one  of  the  rantifiui^ 
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tii>ns  of  a  great  vein — the  hepalie  vein — and  the  blood  of 
the  capillaries  of  thd  lobule  is  poured  iato  that  veia  hy  a 
minute  veinlet,  called  intralobular  (Fig.  45,  jffi  V.),  which 
traverses  the  centre  of  the  lobule,  atid  pierces  its  base. 
Thus  the  venous  blood  of  the  portal  vein  and  tlie  arterial 
blood  of  the  hepatic  artery  reach  the  surfaces  of  the  lobules 
by  the  ultimate  ramifications  of  that  vein  and  artery,  be- 
come mixed  in  the  capillaries  of  each  lobule,  and  are  cur- 
ried off  by  its  intralobitlar  veiulet,  which  pours  its  contents 
into  one  of  the  ramifications  of  the  hepatic  vein.  These 
ramifications,  joining  together,  form  larger  and  larger 
trunks,  which  at  length  reach  the  hinder  margin  of  the 
liver,  and  finally  open  into  the  vena  cava  inferior,  where 
it  paSiSes  upwards  in  contact  with  that  part  of  the  organ. 

Thus  the  blood  with  which  the  liver  is  supplied  is  a 
mixtiuv  of  arterial  and  venous  blood  ;  the  former  brought 
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by  the  hepatic  artery  directly  from  the  aorta,  the  latter  by 
the  portal  vein  from  the  capillaries  of  the  stomach,  intes- 
tines, pancreas,  and  spleen. 

What  ultimately  becomes  of  the  ramifications  of  the 
hepatic  duct  is  not  certainly  known.  Lined  by  an  epithe- 
lium, which  ia  continuous  with  that  of  the  main  duct,  and 
thence  with  that  of  the  intestines,  into  which  the  main 


J 


Losses   AND   GAINS   BT   THE  L[VBR  143 


duct  opens,  they  may  be  traced  to  the  very  surface  of  the 
lobules.      Their  ultimate  ramifications    are   not  yet  thoT' 
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oughlf  detemiiaed :  but  recent  investigations  lead  to  shoir 
that  thej  ooniiniiDicate  with  miDute  [masages  left  between 
the  hepatic  cells,  aud  traversing  the  lobule  in  the  intcrvala 
left  by  the  capilluries  (Fip.  4C).  However  this  may  b^ 
any  fluid  separated  from  the  blood  by  the  lobules  must 
really  find  its  way  into  them. 

In  the  lobules  themselves  aU  the  meshes  of  the  blood- 
vessels  are  occupied  by  the  liver-cells.  These  are  many- 
sided,  minute  bodies,  euch  about  yuVitb  of  an  inch 
diameter,  possessing  a  nucleus  in  its  interior,  and  tre- 
queatly  having  larger  and  smaller  granules  of  fatty  matter 
distributed  through  its  substance  (Fig.  46,  a). 
the  liver-cells  that  the  active  powers  of  the  liver 
posed  to  reside. 

149.  The  Active  Powers  of  the  LiTer-Celli.— The  iiatuie 
of  these  active  )>owers,  so  far  as  the  hver  Is  a  souree  of  loM 
to  the  blood  which  traverses  it,  is  determined  by  ascertain- 
ing— 

a.  The  character  of  that  fluid,  the  bile,  which  inces- 
santly flows  down  the  biliary  duct,  and  which,  if  digestion 
is  not  going  on,  and  the  passage  into  the  intestine  ifl 
closed,  flows  back  into  and  fills  the  gall-bladder. 

b.  The  difference  between  the  blood  which  enters  the 
liver  anil  that  which  leaves  it. 

160.  The  Bile— itf  Quantity  and  Composition. — a.  The  to- 
tal quantity  of  bile  secreted  in  the  twenty-four  hours  varies, 
but  probably  amounts  to  not  less  than  from  two  to  three 
pounds.  It  is  a  golden-yellow,  slightly  alkaline  fiuid,  of 
extremely  bitter  taste,  consisting  of  water  with  from  sev- 
enteen per  cent,  to  half  that  quantity  of  solid  matter  in 
Bolutiou.  The  solids  consist,  in  the  first  place,  of  a  some- 
what complex  substance  which  may  be  separated  by  crys- 
tallization, and  bus  been  called  bilin.  It  is  in  reaUty  & 
mixture  of  two  acids,  in  combination  with  soda,  one  caUed 
glycocholic,  and  consisting  of  carbon,  hydrogen,  nitrogen, 
and  oxygen,  the  other  taurochoHc,  and  containing  in  add!- 
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tim  to  the  other  elements  a  considemble  quantity  ot  Bul- 
phur.  Besides  the  taitrocholate  and  glycocholate  of  sods, 
or  bile-salts  as  they  are  sometimes  called,  the  bile  contains 
a  remarkable  crj-atalline  substance,  verj;  fatty-Iookiog,  but 
not  really  of  a  fatty  nature,  called  e/ioleslerm,  one  or  more 
peculiar  coloring-mattera  probably  related  to  the  bfematin 
of  the  blood,  and  certain  saline  matters. 

6.  Of  these  constituents  of  the  bile,  the  water,  the  choles- 
terin,  and  the  saline  matters,  alone,  are  discoverable  h 
blood ;  and,  though  doubtless  some  difference  obtain: 
twecn  the  blood  which  enters  the  liver  and  that  which 
leaves  it,  in  respect  of  the  proportional  qnsntity  of  these 
constituents,  great  practical  difBcullies  lie  in  the  way  o 
the  precise  ascertainment  of  the  sinouut  of  that  difference. 
The  blood  of  the  hepatic  vein,  hovrcver,  is  certainly  poorer 
in  water  than  that  of  the  j)ortul  vein. 

16L  Bile  ii  formed  in  the  LiTer-Celli. — As  the  essen- 
tial constituents  of  bile,  the  bUe-acids  and  the  coloring- 
matter  are  not  discoverable  in  the  blood  which  enters  the 
liver ;  they  must  be  formed  at  the  expense  of  the  tissue 
of  that  organ  itself,  or  of  some  constituent  of  the  blood 
pas^ng  through  it, 

Sectiom  nX — Sources  of  Gain  to  the  Blood. 

162.  The  Skin  as  an  Org^  of  Beipiration. — We  must 
next  consider  the  chief  sources  of  conalant  gain  to  th© 
blood ;  and,  in  the  first  place,  the  sources  of  gain  of 
matter. 

The  lungs  and  skin  are,  as  has  been  seen,  two  of  the 
principal  channels  by  which  the  body  loses  liquid  and 
gaseous  matter,  but  they  are  also  the  sole  means  by  which 
one  of  the  most  important  of  nil  substances  for  the  n 
tenance  of  life,  oxyf/en,  is  introduced  into  the  blood.  It 
has  already  been  pointed  out  that  the  volume  of  the  oxy- 
gen taken  into  the  blood  by  the  lungs  is  rather  greater 
than  that  of  the  carbonic  acid  given  out.    The  absolute 
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weight  of  oxygen  thus  absorbed  may  be  estimated  at 
thousaad  grains  (see  165). 

How  much  is  token  in  by  tlie  ekin  of  man  is  not  ae»\ 
tainly  known,  but  in  some  of  the  lower  animals,  such 
the  frog,  the  skin  plays  a  very  important  part  in  the  per-; 
formance  of  the  respiratory  function. 

153.  Beaotlon  of  the  LiTer  upon  the  Blood. — ^The  blood 
leaving  the  liver  by  the  hepatic  vein  not  only  contains  pro- 
portionally less  water  and  fibrin,  but  proportionally  mora 
corpuscles,  especially  colorless  corpuscles,  and,  what  is 
still  more  important,  under  certain  circumstances  at  leas^ 
a  larger  quantity  of  liver-sugar,  or  glucose,  than  thai 
brought  to  it  by  the  portal  veins  and  hepatic  artery. 

That  the  blood  leaving  the  liver  should  contain  propoi** 
tionally  less  water  and  more  corpuscles  than  that  entering- 
it,  is  no  more  than  might  be  expected  from  the  fact  tliat  the 
formation  of  the  bile,  which  is  separated  from  this  blood, 
necessarily  iuvolvea  a  loss  of  water  and  of  some  solid  mat- 
ters, while  it  does  not  abstract  any  of  the  corpuscles. 

We  do  not  know  why  less  fibrin  separates  from  tha 
blood  of  the  hepatic  vein  than  from  the  blood  brought  to 
the  liver.  But  the  reason  why  there  is  alwa3-B  more  sugar 
in  the  blood  leaving  the  liver  than  in  that  entering  it,  and 
why,  in  fact,  there  may  be  plenty  of  sugar  in  the  blood  of 
the  hepatic  vein  even  when  none  whatever  is  brought  to  it 
by  the  hepatic  artery,  or  portal  vein,  has  been  made  out  by 
careful  and  ingenious  experimental  research. 

151  Sngar-foriQiag  Fnnctioii  of  the  Liver.— If  an  ani- 
mal be  fed  upon  purely  animal  foofl,  the  blood  of  the  por- 
tal vein  will  contuiii  no  sugar,  none  having  been  absorbed 
by  the  walls  of  the  aUmentary  canal,  nor  will  that  of  the 
hepatic  artery  contain  any,  or,  at  any  rate,  more  than  the 
merest  trace.  Nevertheless,  plenty  will  be  found,  at  the 
same  time,  in  the  blood  of  the  hepatic  vein  and  in  that  of 
the  vena  cava,  from  the  point  at  which  it  is  joined  by 
hepatio  vein,  as  far  as  the  heart. 
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Secondly,  if,  from  an  anitnal  so  fcJ,  tlie  liver  be  cx- 
'  tractcd,  and  a  current  of  cold  water  forced  into  tlie  vena 
porta,  it  will  flow  out  by  the  hepatic  vein,  carrying  with 
it  all  the  blood  of  the  organ,  and  will,  after  a  time,  come 
out  colorless,  and  devoid  of  sugar.     Nevertheless,  if  the 
■'Wgan  be  left  to  itself  at  a  moderate  temj>eraturea  sugar 
f  will  80on  again  become  abundant  in  it,  ■.    r 

Thirdly,  from  the  liver,  washed  as  above  described,  a 
substance  may  be  extracted,  by  appropriate  methods,  which 
resemblea  Btarch  or  dextrine,  in  chemical  ooniposilion,  con- 
sisting as  it  does  of  carbon  united  with  hydrogen  and  oxy- 
I^n,  the  latter  being  in  the  same  proportions  as  in  water. 
This  "amyloid"  substance  is  the  glycogen  spoken  of  in 
148.  It  may  be  dried  and  kept  for  long  periods  without 
itedetgoing  any  change, 
'  But,  like  the  vegetable  starch  and  dextrine,  tliis  animal 
lunyloid,  which  must  be  fonned  in  the  liver,  since  it  is  cer- 
rtainly  not  contained  either  in  the  blood  of  the  portal  vein, 
or  in  that  of  the  hepatic  artery,  ia  very  readily  changed,  by 
contact  with  certain  matters,  which  act  as  ferments,  into 
•agar. 

Fourthly,  it  may  be  demonstrated  that  a  ferment,  com- 
petent to  change  the  "  amyloid  "  glycogen  into  saccharine 
"ghtcoMy^  exists  imder  ordinary  circumstances  in  the  liver. 
Putting  all  these  circumstances  together,  the  following 
explanation  of  the  ridtlle  of  the  appearance  of  sugar  in  the 
blood  of  the  hepatic  vein  and  vena  cava,  when  neither  it, 
nor  any  compound  out  of  which  it  is  easily  formed,  enists 
in  the  blood  brought  to  the  liver,  appears  to  have  much 
probability ;  though  it  may  possibly  require  modification, 
in  some  respects,  hereafter. 

The  hver  forms  glycogen  out  cf  the  blood  with  which  it 
u  supplied.  The  same  blood  supplies  the  ferment  which, 
at  the  temperature  of  the  body,  very  speedily  converts 
the  comparatively  little  soluble  glycogen  info  very  soluble 
sugar;  and  this  sugar  is  dissolved  and  carried  away  by 
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I,  and  tlicnce  to   I 


each  intralobular  vciu  to  the  hepatic 
the  vena  cava. 

lliuugh  after  death  a  very  considerable  quantity  of  sugar   ' 
accumulates  in  the  hepatic  vein,  the  amount  ivlach,  at  any   | 
given  moment,  cau  be  deteoteil  during  life  is  extremely 
amttll.  I  This  has  led  some  physiologists  t«  suppose  that,  i 
health,  glycogen  is  not  converted  into  euger,  but  undergoes 
some  other  change.     A  very  small  c]nanlity  of  sugar,  bow- 
ever,  BO  araull  as  to  almost  escape  detection,  thrown  into 
the  hepatic  vein  every  instant,  would  amount  to  a  conBid'' 
erable  quantity  in  the  twenty-four  hours. 

This  formation  of  glycogen  in  the  liver  goes  on  i 
total  absence  of  starch  or  sugar  from  the  food.  It  must, 
therefore,  in  such  cases  be  formed  at  the  expense  of  pio- 
teid  material  {nee  176).  It  appears,  however,  that  the 
presence  of  starch  or  sugar  in  the  food,  though  not  essen- 
tial, is  verj'  favorable  to  the  production  of  glycogen  in  the 

15&  Gain  by  the  Lymphatics. — The  hjmphatic  system 
has  been  already  mentioned  as  a  feeder  of  the  blood  with 
a  fluid  which,  in  general,  appears  to  be  merely  the  super- 
(luous  drainage,  as  it  were,  of  the  blood-vessels;  though  at 
intervals,  as  we  shall  see,  the  lacteals  make  substantial 
additions  of  new  matter.  It  is  very  probable  that  the 
multitudinouB  lymphatic  glands  may  effect  some  change  in 
the  fluid  which  traverses  them,  or  may  add  to  the  number 
of  corpuscles  in  the  lymph. 

Nothing  certain  is  known  of  the  functions  of  certain 
bodies  which  are  sometimes  called  ductless  glands,  but 
have  quite  a  different  structure  from  ordinary  secreting 
glands  ;  and  indeed  do  not  resemble  each  other  in  struct- 
ure. Tliese  are,  the  thyroid  gland,  which  lies  in  the  part 
of  the  throat  below  the  larynx,  and  is  that  organ  which, 
when  cnlargedby  disease,  gives  rise  to  "Derbyshire  neck" 
or  "goitre;"  the  thymus  gland,  situated  at  the  base  of  the 
heart,  lai^est  in  infants,  and  gradually  disajipearing  in 
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adult,  or  old,  persons ;  and  the  vupra-rencU  capsules,  which 
lie  above  the  kidnej'S. 

1S6.  The  Spleen— its  FimctioiiB  nnknowiL — y^fe  arc  as 
much  in  the  dark  respcctinn;  the  office  of  the  large  viscus 
called  the  gpleen,  which  lies  upon  the  left  side  of  the 
fitoDiach  in  the  abdominal  cavity  (Fig.  47).  It  U  an  elon- 
gated flattened  red  body,  abundantly  supplied  with  blood 
by  an  artery  called  the  itjtlenic  artery,  which  i>roceed9  al- 
most directly  from  the  aorta.     Tlie  blood  which  has  trav- 
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ersed  the  spleen  is  collected  by  the  ejAenic  vein,  and  is 
carried  by  it  to  the  vena  porta,  and  so  to  the  liver, 

A  section  of  the  spleen  shows  a  dark-red  spongy  mass 
dotted  over  with  miTinte  whitish  spots.  Each  of  these  last 
is  the  section  of  one  of  the  spheroidal  bodies  culled  cor- 
puaclee  of  the  9j>lee?t,  which  are  sciittered  through  its  sub- 
stance, and  consist  of  a  solid  aggregation  of  minnte  bodies, 
like  the  white  corpuscles  of  the  blood,  traversed  by  a  capil- 
lary net-work,  wlitch  is  fed  by  a  small  twig  of  the  splenio 
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artery.  Tlie  dark-red  part  of  the  upleeu,  in  which  these 
corpuscles  are  embedded,  is  composed  of  fibrous  and  elastic 
tissue  supporting  a  very  qiongy  vascular  uet-work. 

The  elasticity  of  the  splenic  tissue  allows  the  organ  to 
be  readily  distended,  and  enables  it  to  return  to  its  former 
size  after  distention.  It  appears  to  change  its  dimensions 
with  the  state  of  tlie  abdominal  viscera,  attaining  its  largest 
size  about  siit  houra  after  a  full  meal,  and  faDing  to  its 
miuimum  bidk  six  or  seven  hours  later,  if  no  further  sup- 
ply of  food  be  taken. 

The  blood  of  the  splenic  vein  b  found  to  contain  pro- 
portionally fewer  red  corpuscles,  but  more  colorless  cor- 
puscles and  more  fibrin,  than  that  in  the  splenic  artery ; 
and  it  has  been  supposed  that  the  spleca  is  one  of  those 
parts  of  the  economy  in  which  the  colorless  corpuscles  of 
the  blood  are  especially  produced, 

157.  The  Gain  of  Heat— its  Btnirce.— It  has  been  seen 
that  heal  is  being  constantly  given  off  from  the  integument 
and  from  the  aii^passages ;  and  every  thing  that  passes 
from  the  body  carries  away  with  it,  in  like  manner,  a  cer- 
tain quantity  of  heat.  Furthermore,  the  surface  of  the 
body  is  much  more  exposed  to  cold  than  its  interior. 
Nevertheless,  the  temperature  of  the  body  is  maintained 
very  evenly,  at  all  times  and  in  all  parts,  within  the  range 
of  two  degrees  on  either  side  of  99°  Fahr. 

This  is  the  result  of  three  conditions :  The  first,  that 
heat  is  constantly  being  generated  in  the  body ;  the  sec- 
ond, that  it  is  as  constantly  being  distributed  through  the 
body  ;  the  tliird,  that  it  ia  subject  to  incessant  regulation. 

Heat  is  generated  whenever  oxidation  takes  place;  and 
hence,  whenever  proteid  substances  (.ice  167)  or  fats,  or 
amyloidal  matters,  are  being  converted  into  the  more 
highly -oxidated  waste  products — urea,  carbonic  acid,  and 
water — heat  is  necessarily  evolved.  But  these  processes 
are  taking  place  in  all  parts  of  the  body  by  which  vital 
activity  is  manifested ;  and  hence  every  capillary  vessel 
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and  every  extra-vascular  islet  of  tissue  is  really  a  email  fire- 
pliLce  in  which  heat  is  being  evolved,  in  proportion  to  the 
activity  of  the  chemical  ohaages  which  are  going  on. 

168.  Diftiibatioii  of  Heat  by  the  Blood-Current— But, 
as  the  vital  activities  of  different  parts  of  thu  body,  and  of 
the  whole  body,  at  different  times,  are  very  different,  and 
as  some  parts  of  the  body  are  so  situated  as  to  lose  their 
heat  by  radiation  and  conduction  much  more  easily  than 
others,  the  temperature  of  the  body  would  be  very  unequal 
in  ita  different  parts,  and  at  different  times,  wore  it  not  for 
the  arrangements  by  whicli  the  heat  is  distributed  and  regu- 
lated. 

Whatever  oxidation  occurs  in  any  part,  raises  the  tem- 
perature of  the  blood  which  is  in  that  part  at  the  time  to 
a  proportional  extent.  But  this  blood  is  swiftly  hurried 
away  into  other  regions  of  the  body,  and  rapidly  gives  up 
its  increased  temperature  to  them.  On  the  other  hand, 
the  blood  which  by  being  carried  to  the  vessels  in  the  skin 
on  the  surface  of  the  body  begins  to  have  its  temperature 
lowered  by  evaporation,  etc.,  is  hurried  away,  before  it  has 
time  to  get  tlioroughly  cooled,  into  the  deeper  organs;  and 
in  them  it  becomes  warm  by  contact,  as  well  as  by  the 
oxidating  processes  in  ivhich  it  takes  a  part.  Tlius  the 
blood-vessels  and  their  contents  might  be  compared  to  a 
system  of  hot-water  pipes,  through  which  the  warm  water 
is  kept  constantly  circulating  by  a  pump ;  while  it  is  heated, 
not  by  a  great  central  boiler  as  usual,  but  by  a  multitude  of 
minute  gas-jeta,  disposed  beneath  the  pipes,  not  evenly,  but 
more  here  and  fewer  there.  It  is  obvious  that,  however 
much  greater  might  be  the  heat  applied  to  one  part  of  the 
lystera  of  pipes  than  to  another,  the  general  temperature 
the  water  would  be  even  throughout,  if  it  were  kept 
moving  with  sufficient  quickness  by  the  pump. 

169.  Evaporation  regulates  Temperature.  —  If  such  i 
system  were  entirely  composed  of  closed  pipes,  the  tem- 
perature of  the  water  might  be  raised  to  any  extent  by  the 
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goe-jets.  On  the  other  hand,  it  might  be  kept  down  to 
&ay  required  degree  by  causing  a  larger,  or  Biiialler,  por- 
tion of  the  pipes  to  be  wetted  with  water,  which  should 
bo  able  to  evaporate  freely — as,  for  example,  by  wrapping 
them  in  wet  cloths.  And  the  greater  the  quantity  of 
water  thus  evaporated,  the  lower  would  be  the  tempera- 
ture of  the  whole  apparatus. 

Now,  the  regulation  of  the  temperature  of  the  human 
body  is  effected  on  this  principle.  The  vessels  are  closed 
pipea,  but  a  great  number  of  them  are  inclosed  in  the 
skin  and  in  the  mucous  membrane  of  the  air-passages, 
which  are,  in  a  physical  sense,  wet  cloths  freely  exposed  to 
the  air.  It  is  the  evaporation  from  these  which  exercises 
a  more  important  influence  than  any  other  condition  upon 
the  regulation  of  the  temperature  of  the  blood,  and,  coase- 
quently,  of  the  body. 

160.  Begnlative  Agency  of  the  Nervous  System.— But, 
as  a  further  nicety  of  adjustment,  the  wetness  of  the  regu- 
lator is  itself  determined  by  the  state  of  the  small  vessels, 
inasmuch  as  exudation  from  these  takes  place  more  readily 
when  the  walls  of  the  veins  and  arteries  are  relaxed,  and 
the  blood  distends  them  and  the  capillaries.  But  the  con- 
dition of  the  walla  of  the  vessels  depends  upon  the  nerves 
by  wliich  they  are  supplied ;  and  it  so  happens  that  oold 
affects  these  nerves  in  such  a  manner  as  to  give  rise  to 
contraction  of  the  small  vessels,  while  moderate  warmth 
has  the  reverse  effect. 

Thus  the  supply  of  blood  to  the  surface  is  lessened,  and 
loss  of  heat  is  thereby  checked,  when  the  external  tem- 
perature is  low ;  while,  when  the  external  temperature  is 
high,  the  supply  of  blood  to  the  surface  is  incieased,  the 
fluid  exuded  from  the  vessels  pours  out  bv  the  sweat- 
glands,  and  the  evaporation  of  this  fluid  oheciis  the  rise  in 
the  temperature  of  the  superficial  blood. 

Hence  it  is  that,  so  long  as  the  surface  of  the  body  per^ 
Bptrea  freely,  and  the  air-pasaages  are  abundantly  moisl,  a 
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man  may  remain  with  impunity,  for  a  considurablti  time, 
in  an  oven  in  which  meat  ia  being  cooked.     Tho  heat  of 

■  the  air  ts  expended  in  conyerting  this  superabmidant  per- 
spiration into  vapor,  and  the  temperature  of  the  man's 
blood  is  hardly  raised. 

161.  Intennittent  Action  of  the  Olaada. — The  chief  ^n- 
lermitlefitty  active  sources  of  loss  to  the  blood  are  found 
among  the  glands  proper,  all  of  which  are,  in  principle, 
narrow  pouches  of  the  mucous  membranes,  or  of  the  in- 
tegument of  the  body,  lined  by  a  continuation  of  the  epi- 
thehum,  or  of  tho  epidermis.    In  the  glands  of  Lieberkufin, 

■  which  exist  in  immense  numbers  in  the  walls  of  the  smull 
intestines,  each  gland  is  nothing  more  than  a  simple  blind 
sac  of  the  mucous  membrane,  shaped  like  a  small  test-tube, 
with  its  closed  end  outwards,  and  its  open  end  on  the  inner 
sur&ce  of  the  intestine  (Fig.  48,  1).  Tlie  sweat-glands  of 
the  skin,  as  we  have  already  seen,  are  equally  simple,  blind, 
tube-like  involutions  of  the  integument,  the  ends  of  which 
become  coiled  up.  The  sehaeeojts  yltinds,  usually  connected 
with  the  bair-sacs,  are  shorter,  and  their  blind  ends  are 

I  somewhat  subdivided,  so  that  the  gland  is  divided  into  a 
narrow  neck  and  a  more  dilated  and  sacculated  end  (Fig, 
48,  5). 
The  neck  by  which  the  gland  communicates  with  the 
free  Bur&ce  is  called  its  duct.  More  complicated  glands 
■re  produced  by  the  elongation  of  the  duct  into  a  long 
tube,  and  the  division  aud  subdivision  of  the  bliud  end 
into  multitudes  of  simUur  tubes,  each  of  which  ends  in  a 
.  dilatation  (Fig.  48,  6).  These  dilatations,  attached  to  their 
branched  ducts,  somewhat  ri'semble  a  bunch  of  grapes. 
Glands  of  this  kind  are  called  racemose.  The  salivary 
fflandt  and  the  pnnrreas  arc  such  glands. 

Now,  many  of  these  glands,  such  as  the  sahvary,  and 

kUie  pancreas  (with  the  perspiratory,  or  sudoriparous  glands, 
which  it  has  been  convenient  to  consider  already),  are  only 
active  when  certain  impressions  on  the  nervous  system 
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give  rise  to  a  particular  conilitioD  of  the  gl^ind,  or  of  its 
veB&els,  or  of  both. 

162.  Action  of  the  Salivary  Glanda.— Thus  tke  sight  or 
smell,  or  even  the  thouglit  of  fooil,  will  cause  a  flow  of 
saliva  into  the  niouth  ;  the  previously  quiescent  gland  sud- 
denly pouring  out  its  fluid  secretion,  aa  a  result  of  a  change 
in  the  condition  of  tlie  nervous  system.  And,  iu  animals, 
the  salivary  gbinds  can  be  made  to  secrete  abundantly,  by 
irritating  a  nerve  which  supplies  the  gland  and  it«  vessels. 
How  far  this  effect  is  the  result  of  the  meohanicai  influence 
of  the  nerve  on  the  state  of  the  circulation,  by  widening 
the  small  arteries  (see  65)  and  so  supplying  the  gland 
with  more  blood,  and  how  far  it  is  the  resiJt  of  a  more 
direct  influence  of  the  nerve  upon  the  state  of  the  tissue 
gf  the  gland  itself,  making  the  celts  secrete,  just  as  a  nerve, 
when  stimulated  makes  a  muscle  contract,  is  not  at  present 
finally  determined. 

The  liquids  poured  out  by  the  intermittent  glands  are 
always  very  poor  in  solid  constituents,  and  consist  chiefly 
of  water.  Those  poured  on  to  the  surface  of  the  body  are 
lost,  but  those  which  are  received  by  the  alimentary  canal 
are  doubtless  in  a  great  measure  reabsorbed. 

163.  Gain  of  Waxte  FrodoctB  from  the  Hnides.— The 
great  intermittent  sources  of  gain  of  waste  products  to  the 
blood  are  the  muscles,  every  contraction  of  which  is  accom- 
panied by  a  pouring  of  certain  products  into  the  blood. 
That  much  of  this  waste  is  carbonic  acid  is  certain  from 
the  facts  (a)  that  the  blood  which  leaves  a  contracting 
muscle  is  always  highly  venous,  far  more  so  than  that 
which  leaves  a  quiescent  muscle ;  (b)  that  muscular  exer- 
tion at  once  immensely  increases  the  quantity  of  carbonic 
acid  expired ;  but  whether  the  amount  of  nitrogenous 
waste  is  increased  under  these  orcumBtanoes,  or  not,  is  A 
point  yet  under  discussion. 
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Section  L — Properties  of  Food-Sli/^e. 

164.  The  Alimentaiy  Canal  the  Chief  Sotuce  of  Gain. 
— ^The  great  source  of  gain  to  the  blood,  and,  except  the 
luDgB,  the  only  channel  by  which  altogether  new  material 
is  introduced  into  that  fluid,  putting  aaide  the  altogether 
exceptional  case  of  absorption  by  the  skin,  ia  the  aliiitent- 
ary  canal,  the  totality  of  the  operations  of  whicli  oonali- 
tutea  the  function  of  alimentation.  It  will  be  useful  to 
consider  the  general  nature  and  results  of  the  performance 
of  this  function  before  studying  its  details, 

166.  ftnaatity  of  Dry,  Solid,  and  Gaseotu  Aliment  daily 
taken. — A  man  daily  takes  into  his  mouth,  and  thereby  in- 
troduces into  his  alimentary  canal,  a  certain  quantity  of  solid 
and  liquid  food,  in  the  shape  of  meat,  bread,  butter,  water, 
and  the  like.  The  amount  of  chemically  dry,  solid  matter, 
which  must  thus  be  taken  into  the  body,  if  a  man  of 
average  size  and  activity  is  neither  to  lose,  nor  to  gain,  in 
weight,  has  been  found  to  bo  about  8,000  grains.  In  ad- 
dition to  this,  Lia  blood  aljsorbs  by  tbe  lungs  about  10,000 
grains  of  oxygen  gas,  making  a  grand  total  of  18,000 
grains  (or  nearly  two  pounds  and  three-quarters  aroirdu- 
pois]  of  daily  gain  of  dry,  solid,  and  gaseous  matter, 

166.  Daily  Loss  of  Ihy  Bolids.— The  woigjjt  of  dry  solid 
matter  passed  out  &om  the  alimentary  canal  does  not,  on 
the  average,  amount  to  more  than  one-tentli  of  that  vhich 
is  taken  into  it,  or  800  grains.  Now,  the  alimentary  canal 
is  the  only  channel  by  which  any  appreciable  amount  of 
solid  matter  leaves  the  body  in  an  undissolved  condition. 
It  follows,  therefore,  that,  in  addition  to  the  10,000  grains 
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of  oxygen,  7,200  grains  of  dry,  solid  matter  must  pass  out 
of  the  body  by  the  lungs,  skin,  or  kidneys,  either  in  the 
form  of  gas,  or  difisolved  in  the  liquid  excretions  of  those 
orgxins.  Further,  as  ibe  general  composition  of  the  body 
remains  consfcint,  it  follows  either  that  the  elementary  con- 
slitucjits  of  the  solids  taken  into  the  body  must  be  identi- 
cal wilh  those  of  the  body  itself:  or  that,  in  the  course  of 
the  vital  processes,  the  food  alone  is  destroyed,  the  sub- 
stance of  the  body  remaining  unchanged  :  or,  finally,  that 
both  these  alternatives  hold  good,  and  that  food  is,  partly, 
identical  with  the  wasting  substance  of  the  body,  and  re- 
places it ;  and,  partly,  differs  from  the  wasting  substance, 
and  is  consumed  without  replacing  it. 

167.  Classific&tioii  of  Aliments, — As  a  matter  of  fact,  all 
the  substances  which  are  used  as  food  come  under  one  of 
four  heads.  They  are  either  what  may  be  termed  Pro- 
leids,  or  they  are  Fat€,  or  they  are  AmylokU,  or  they  are 
Minerals. 

Proteids  are  composed  of  the  four  elemen^ — carbon, 
hydrogen,  oxygen,  and  nitrt^en,  sometimes  united  with 
sulphur  and  phosphorus. 

Under  this  head  come  the  G^m^ch  of  flour;  the  ^^(u- 
men  of  white  of  egg,  and  blood-serum  ;  the  Fibrin  of  the 
blood  ;  the  Syntonin,  which  is  the  chief  constituent  of 
muscle  and  flesh,  and  Casein,  one  of  the  chief  constituents 
of  cheese,  and  many  other  similar  but  less  common  bodies; 
while  Gitalin,  which  is  obtained,  by  boiling,  from  oonoec^ 
tive  tissue,  and  Chondrin,  which  may  be  produced  in  the 
same  way  from  cartilage,  may  be  considered  to  be  outlying 
members  of  the  same  group. 

Fatt  are  composed  of  carbon,  hytlrogen,  and  oxygen 
only,  and  contain  more  hydrogen  than  is  enough  to  form 
vater  if  united  with  the  oxygen  which  tliey  possess. 

All  vegetable  and  animal  iatty  matters  and  oils  come 
under  this  division. 

jimyloidt  are  substances  which  also  consist  of  carbon, 
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hydrogen,  and  oiygen  only.  But  they  contain  no  more 
hydrogen  than  is  just  sufficient  to  produce  water  with 
their  oxygen.  These  are  tbe  matters  known  as  Starch, 
Dexiritui,  Sugar,  aud  Gum. 

It  is  tbe  peculiarity  of  the  three  groups  of  food-stuffs 
just  meotioncd  that  ihey  can  only  be  obtained  (at  any 
rate,  at  present)  by  the  activity  of  living  beings,  whether 
animals  or  plants,  so  that  they  may  be  conveniently  termed 
vital  food-»tuff»- 

Food-stuffs  of  the  fourth  class,  on  the  other  hand,  or 
Minerals,  are  to  be  procured  as  well  from  the  not-living, 
I  the  living  world.  They  are  water,  and  salts  of  sundry 
alkalies,  earlbs,  and  metala.  To  these,  in  strictness,  oxy- 
gen ought  to  be  added,  though,  as  it  is  not  taken  in  by  the 
alimentary  canal,  it  hardly  comes  within  the  ordinary  ac- 
ceptation of  the  word  food. 

16S.  Ultimate  Comporitioii  of  Aliments. — In  iiltimalc 
analysis,  then,  it  appears  that  vital  food-  stuffs  contain 
either  three  or  four  of  the  elements :  carbon,  hydrogen, 
oxygen,  and  nitrogen;  and  that  mineral  food- stirffs  are 
water  and  salts.  But  the  human  body,  in  ultimate  analy- 
sis, also  proves  to  be  composed  of  the  same  four  elements, 
plus  water,  and  the  same  saline  matters  as  are  found  in 

More  than  this,  no  substance  can  serve  pennanently  for 
food — that  is  to  say,  can  prevent  loss  of  weight  and  change 
in  the  general  composition  of  the  body — unless  it  contains  a 
certain  amount  of  proteid  matter  in  the  shape  of  albumen, 
librin,  syntonin,  casein,  etc. ;  while,  on  the  other  band,  any 
substance  which  contains  protoid  matter,  in  a  readily  as- 
similable shape,  is  competent  to  act  as  a  permanent  vital 
food-stuff. 

The  human  body,  as  we  have  seen,  contains  a  large 
quantity  of  protcid  matter  in  one  or  other  of  the  forms 
which  have  been  enumerated ;  and,  therefore,  it  turns  out 
to  be  an   indispensable  condition  that    every  substance, 
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which  is  to  Berve  permanently  as  focxJ.  must  contAin  t 
ficient  quantity  of  the  most  important  and  complex 
ponent  of  the  body  ready  made.  Tt  must  also  contain  s 
sufficient  quantity  of  the  mineral  ingredients  which  are  re- 
quired. Whether  it  contains  eilher  fats  or  amyloids,  or 
both,  its  essential  power  of  supporting  the  life  and  main- 
taining the  weight  and  compwsition  of  the  body  remains 
imobanged. 

169.  No  Abwlate  Neoessity  for  Otber  Food^tnfib.— The 
necessity  of  constantly  renewing  the  supply  of  proteid 
matter  arises  from  the  circumstance  that  the  secretion  of 
urea  from  the  body  (and  consequently  ihe  loss  of  nitrogen) 
goes  on  continually,  whether  the  body  is  fed  or  not :  while 
there  is  only  one  form  in  which  nitrogen  (at  any  rate,  in 
any  considerable  quantity)  can  be  taken  into  the  blood, 
and  that  is  in  the  form  of  a  solution  of  proteid  matter.  If 
proteid  matter  be  not  supplied,  therefore,  the  body  must 
needs  waste,  because  there  is  nothing  in  the  food  com- 
petent to  make  good  the  loss  of  nitrogen. 

On  the  other  hand,  if  proteid  matter  be  supplied,  there 
can  be  no  absolute  necessity  for  any  other  but  the  mineral 
food -stuffs,  because  proteid  matter  contains  carbon  and 
hydrogen  in  abundance,  and  henoe  is  competent  to  give 
origin  to  the  other  great  products  of  waste,  carbonic  acid 
and  water. 

In  fact,  the  final  results  of  the  oxidation  of  proteid 
matters  are  carbonic  acid,  water,  and  ammonia ;  and  these, 
as  we  have  seen,  are  the  final  shapes  of  the  waste  products 
of  the  human  economy, 

170.  Nitrogen  Starvation. — From  what  has  been  said, 
it  becomes  readily  intelligible  that,  whether  an  animal  be 
herbivorous  or  carnivorous,  it  begins  to  starve  from  the 
moment  its  vital  food-stuffs  consist  of  pure  amyloids,  or 
fata,  or  any  mixture  of  them.  It  suffers  from  what  may  be 
called  nitrogen  starvation,  and,  sooner  or  later,  will  die. 

In  this  case,  and  stilt  more  in  that  of  an  animal  de- 
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privcd  of  vitsl  food  altogether,  the  orgaoism,  so  long  as  it 
continues  to  live,  feeds  upon  itself.  In  the  former  cose, 
those  excretions  which  contain  uitrogon,  in  the  lattor,  all 
its  waste  products,  are  necessariljr  formed  ut  the  expense 
of  its  own  body  ;  whence  it  has  been  rightly  enough  ob- 
served that  a  starving  sheep  is  as  much  a  carnivore  as  a 
lion. 

171,  DisadTantagGB  of  a  Purely  Nitrf^enons  Diet — But 
though  proteid  matter  is  the  eseentiiil  element  of  food,  and 
under  certain  circumstancea  may  suffice,  by  itself,  to  main- 
tain the  body,  it  is  a  very  disadvantageous  and  uneconom- 
ical food. 

Albumen,  which  may  be  taken  as  the  type  of  the  pro- 
teids,  contains  about  53  parts  of  carbon  and  15  of  nitrogen 
in  100  parts.  K  a  man  were  to  be  fed  on  white  of  egg, 
therefore,  he  would  take  in,  speaking  roughly,  3J  parts  of 
carbon  for  every  part  of  nitrogen. 

But  it  is  proved  experimentally,  that  a  healthy,  full- 
grown  man,  keeping  up  his  weight  and  heat,  and  taking  a 
fair  amount  of  csercise,  eliminates  4,000  grains  of  carbon 
to  only  300  grains  of  nitrogen,  or,  roughly,  only  needs  one- 
thirteenth  as  much  nitrogen  as  carbon.  However,  if  he  is 
to  pet  his  4,000  grains  of  carbon  out  of  albumen,  he  must 
eat  7,547  grains  of  that  substance.  But  7,547  grains  of 
albumen  contain  1,132  grains  of  uitrogen,  or  nearly  four 
times  as  much  as  he  wants. 

To  put  the  case  in  another  way,  it  takes  about  four 
pounds  of  fatless  meat  (wliich  genenilly  contains  about 
one-fourth  Its  weight  of  dry  solid  proteids)  to  yield  4,000 
grains  of  carbon,  whereas  one  pound  will  furnish  3O0 
grains  of  nitrogen. 

Thus  a  man,  confined  to  a  purely  proteid  diet,  must  eat 
a  prodigious  cjuantity  of  it.  This  not  only  involves  a  great 
amount  of  physiological  labor  in  comminuting  the  food, 
and  a  great  expenditure  of  power  and  time  in  dissolving 
■^nd  absorbing  it,  but  throws  a  great  quantity  of  wholly 
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profitleaa  labor  upon  those  excretory  organs,  which  have    , 
to  get  rid  of  the  nitro^nous  matter,  three-fourths  of  wbtch, 
as  we  have  seen,  is  superfluous. 

ITS.  Econmny  of  Fbysiologioal  Power. — Unproditctire 
labor  is  as  miicli  to  be  avoided  lu  physiological,  as  in 
political,  economy ;  and  it  is  quite  possible  that  an  animal 
fed  with  perfectly  nutritious,  proteid  matter  should  die  of 
atanration :  the  loss  of  power  In  various  operations  re- 
quired for  its  assimilation  overbalancing  the  gain  ;  or  the 
time  occupied  in  their  performance  being  too  great  to 
check  waste  with  sufficient  rapidity.  The  body,  under 
these  eircHmatancos,  falls  into  the  condition  of  a  merchant 
who  has  abunilant  assets,  but  who  cannot  get  in  his  debts 
in  time  to  meet  his  creditors. 

173.  Economy  of  a  Mixed  Diet. — These  considerations 
lead  us  to  the  physiological  juatification  of  the  universal 
practice  of  mankind  in  adopting  a  mixed  diet,  in  whioh 
proteids  are  mixed  either  with  fats,  or  with  amyloids,  or 
with  both. 

Fats  may  be  taken  to  contain  about  80  per  cent,  of 
carbon,  and  amyloids  about  40  per  cent.  Now,  it  has  been 
seen  that  there  is  enough  nitrogen  to  supply  the  waste  of 
that  substance  per  diem,  in  a  heallhy  man,  in  a  pound  of 
fatless  meat ;  which  also  contains  1,000  grains  of  carbon, 
leaving  a  deficit  of  3,000  grains  of  carbon.  Rnlher  more 
than  half  a  pound  of  fat,  or  a  pound  of  sugar,  will  supply 
this  quantity  of  carbon.  The  former,  if  properly  subdi- 
vided, the  latter,  by  reason  of  its  solubility,  passes  with 
great  ease  into  the  economy,  the  digestive  labor  of  which 
is  consequently  reduced  to  a  minimum. 

174.  Advantages  of  a  Mixed  Diet — Several  apparently 
simple  articles  of  food  constitute  a  mixed  diet  in  them- 
eelvea.  Thus  butcher's  meat  commonly  contains  irom  30  to 
00  per  cent,  of  fat.  Bread,  on  the  other  hand,  contains  the 
proteid,  gluten,  and  the  amyloids,  starch  and  sugar,  with 
minute  quantities  of  i^it.      But,  from   the    proportion  i 
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which  these  proteid  and  other  conBtituents  exist  in  these 
Bubstancee,  thej  are  neither,  taken  alime,  sucb  physiologi- 
cally economical  foods  as  they  are  when  combiaed  in  the 
proportion  of  about  200  to  75  ;  or  two  pounds  of  bread  to 
tliree- quarters  of  a  pound  of  meat  per  diem. 

175.  Intennediate  Changei  of  the  Food.  —  It  is  quite 
certain  that  nine-tenths  of  the  dry,  solid  food  which  is 
taken  into  the  body  sooner  or  later  leaves  it  in  the  shape 
of  carbonic  acid,  water,  and  urea  (or  uric  acid) ;  and  it  ia 
also  certain  that  the  compounds  which  leave  the  bo<1y  not 
only  are  more  highly  oxidized  than  those  which  enter  it, 
but  in  them  ia  carried  away  out  of  the  body  all  the  oxygen 
taken  into  tlie  blood  by  the  lungs. 

The  intemiediate  stages  of  this  conversion  are,  how- 
ever, by  no  means  so  clear.  It  is  highly  probable  that  the 
amyloids  and  fats  are  very  frequently  oxidized  in  the  blood, 
without,  properly  speaking,  ever  forming  an  integral  part 
of  the  substance  of  the  body ;  but  whether  the  proteida 
may  undergo  the  same  changes  in  the  blood,  or  whether  it 
is  necessary  for  them  first  to  be  incorporated  with  the 
living  tissue,  is  not  positively  known. 

So,  again,  it  is  certain  that,  in  beooniiag  oxidized,  the 
elements  of  the  food  must  give  off  heat,  and  it  is  probable 
that  this  heat  is  sufficient  to  account  for  all  that  is  given 
off  by  the  body;  but  it  is  possible,  and  indeed  proljable, 
that  there  may  be  other  minor  sources  of  heat, 

176.  Objectioiu  to  the  Common  ClasBificatlon.  —  Food- 
stuffs iiBve  been  dii-ided  into  heat-producers  and  tisauo- 
formera — the  amyloids  and  fats  constituting  the  former 
division,  the  proteids  the  latter.  But  this  is  a  very  mis- 
leading classification,  inasmuch  as  it  implies,  on  the  one 
hand,  that  the  oxidation  of  tbe  proteids  does  not  develop 
heat ;  and,  on  the  other,  that  the  amyloids  and  fats,  as 
they  oxidize,  subserve  only  the  production  of  heat. 

Proteids  are  tUsue-formers,  inasmuch  as  no  tissue  can 
be  produced  without  them;  but   they  are  also  heat-pro- 
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dttcera,  not  only  directly,  but  because,  i 
154),  they  are  competent  to  give 
cheioical  metamorphoeis  within  the  body. 
If  it  is  worth  while  to  make  a  special  classificatioD  of 
rital  food-stuffs  at  all,  it  appears  desirable  to  distin- 
guish the  essential  food-stufTs,  or  proteids,  from  the  acces- 
sory food-stuffs,  or  fats  and  amyloids — the  former  alone 
being,  in  the  nature  of  tilings,  necessiiry  to  life,  while  the 
latter,  however  iini>ortant,  are  not  absolutely  necessary. 

177.  Purpose  of  the  Alimentary  HechaniEia. — Alt  food- 
stuffs being  thus  proteids,  fats,  amyloids,  or  mineral  mat- 
ters, pure  or  mixed  up  with  other  substances,  the  whole 
purpose  of  the  alimentary  apparatus  is  to  separate  these 
proteids,  etc.,  from  the  innutritious  residue,  if  there  be  any; 
and  to  reduce  them  into  a  condition  either  of  solution 
or  of  excessively  fine  subdivision,  in  order  that  they  may 
make  their  way  through  the  delicate  structures  which  form 
the  walla  of  the  vessels  of  the  alimentary  canal.  To  these 
ends  food  is  taken  into  the  mouth  and  masticated,  is  mixed 
with. saliva,  is  awallowed,  undergoes  gastric  digestion, 
passes  into  the  intestine,  and  is  subjected  to  the  action  of 
the  secretiona  of  the  glands  attached  to  that  viacus ;  and, 
finally,  after  the  more  or  less  complete  extraction  of  the 
nutritive  constituents,  the  residue,  mixed  up  with  certain 
secretions  of  the  intestincB,  leaves  the  body  as  ihefcecee. 

'     Section  II. — Pi-eiiminnries  of  Diffcstioii. 

178.  The  Mouth  and  Pharynx.  —  The  cavity  of  the 
mouth  is  a  chamber  with  a  fixed  roof,  formed  by  the  hard 
jmlate  (Fig.  49,  0.  and  with  a  movable  floor,  constituted 
by  the  lower  jaw,  and  the  tongue  (i),  which  fills  up  the 
space  between  the  two  branches  of  the  jaw.  Ardiing 
round  the  margins  of  the  upper  and  the  lower  jaws  are  the 
thirty-two  teeth,  sixteen  above  and  sixteen  below,  and  exter- 
nal to  these,  the  closure  of  the  cavity  of  the  mouth  b  com- 
pleted by  the  cheeks  at  the  sides,  and  by  the  lips  in  firont 
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When  the  mouth  is  shut,  the  back  of  the  tongue  comes 
into  close  contact  with  the  palate ;  and,  where  the  hard 
pitlate  ends,  the  communication  between  the  moulh  and 
the  back  of  the  throat  is  still  further  impeded  by  a  sort  of 
fieshj  curtain — the  soft  palate  or  velum — the  middle  of 
which  ,19  produced  into   a  prolongation,  the   uvula  (y), 
while  its  sides,  skirting  the  sides  of  the  passage,  or/avca,   i 
form  double  muscular  pillars,  which  arc  termed  the  jiillart    ■ 
of  the  fauces.     Between  these  tlie  fon»&  are  situated,  one  j 
on  each  side. 
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The  velum  with  its  uvula  comes  iato  contact  below 
with  the  upper  part  of  the  back  of  the  tougue,  and  with  a 
Bort  of  gristly,  lid-like  process  connected  with  Us  base,  the 

Behind  the  partition  thus  formed  lies  the  cavity  of  the 
pharynx,  which  may  be  described  as  a  funnel-shaped  bag 
with  muscular  walls,  the  upper  margins  of  the  slanting, 
wide  end  of  wbich  are  attached  to  the  base  of  the  skull, 
while  the  lateral  margins  are  continuous  with  the  sides, 
and  the  lower  with  the  floor,  of  the  mouth.  The  narrow 
end  of  the  pharyngeal  bag  passes  into  the  gullet  or 
osBophagus  (£),  a  muscular  tube,  which  affords  a  passage 
into  the  stomach. 

There  are  no  fewer  than  six  distinct  openings  into  the 
front  part  of  the  pharynx — four  in  pairs,  and  two  single 
ones  in  the  middle  Une.  The  two  pairs  are,  in  front,  the 
hinder  openings  of  the  nasal  cavities ;  and  at  the  siiles, 
close  to  these,  the  apertures  of  the  Mtstachitm  tubes  ((f). 
The  two  single  apertures  are,  the  hinder  opening  of  the 
mouth  between  tlie  soft  palate  and  the  epiglottis ;  and, 
behind  the  epiglottis,  the  upper  aperture  of  the  respiratory 
passage,  or  the  glottis. 

179.  The  Balirary  Glands.  —  The  mucous  membrane 
which  lines  the  mouth  and  the  phaiynx  is  beset  with 
minute  glands,  the  buccal  glands ;  but  the  great  glands 
from  which  the  cavity  of  the  mouth  receives  its  chief  se- 
cretion are  the  three  pairs  which,  as  has  been  already  men- 
tioned, are  called  parotid,  submaxillar^/,  sublingual,  and 
which  secrete  the  principal  part  of  the  saliva  (Fig.  60). 

Each  parotid  gland  is  placed  just  in  front  of  the  ear, 
and  its  duct  passes  forwards  along  the  cheek,  until  it  opens 
in  the  interior  of  tJie  mouth,  opposite  the  second  upper 
grinding  tooth. 

The  submaxillary  and  sublinguol  glands  lieboiween  the 
lower  jaw  and  tlie  floor  of  the  moutb,  the  eubraaxillary 
being  situated  farther  back  than  the  sublinguaL     Their 
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ducts  open  in  the  floor  of  the  mouth  below  the  tip  of  the 
tongue.  The  secretion  of  these  salivary  glands,  mixed 
with  that  of  the  small  glands  of  the  month,  constitutes  the 
saliva — a  fluid  which,  though  thin  and  watery,  contains  a 
small  quantity  of  animal  matter,  called  Ptyalm,  which  has 
certain  very  peculiar  properties.  It  does  not  act  upon  pro- 
teid  food-stuffs,  nor  upon  fats ;  but,  if  miied  with  starch, 
and  kept  at  a  moderate  warm  tempcralure,  it  turns  that 
starch  into  grape-sugar,     Tlie  importance  of  this  operation 
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becomes  apparent  when  one  reflects  that  starch  ia  insol- 
uble, and  therefore,  as  such,  useless  as  nutriment,  while 
sugar  is  highly  soluble,  and  readily  oxidizable. 

18a  The  Teeth.— Each  of  the  thirty-two  teeth  which 
have  been  mentioned  consists  of  a  crown  which  projects 
above  the  gum,  and  of  one  or  more  fangs,  which  are  em- 
bedded in  sockets,  or  what  are  called  alveoli,  in  the  jaws. 

The  eight  teeth  on  opposite  sides  of  the  same  jaw  are 
constructed  upon  exactly  similar  patterns,  while  the  eight 
teeth,  which  are  opposite  to  one  another,  and  bite  sgainst 
one  another  above  and  below,  though  similar  in  kind,  difler 
somewhat  in  the  details  of  their  patterns. 
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The  two  teetb  in  each  eight  whi^h  are  nearest  the  mid- 
dle line  in  the  front  of  the  jaw,  have  wide  but  sharp  and 
cbisel-like  edges.  Hence  they  are  called  incisors,  or  cut- 
ting teeth.  The  tooth  which  comes  next  is  a  tooth  with  a 
more  cooical  and  pointed  crown.  It  answers  to  the  great 
tearing  and  holding  tooth  of  the  dog,  and  is  called  the 
canine  or  eye-tooth.  The  next  two  teeth  have  broader 
urowns,  with  two  ciiapfi,  or  points,  on  each  crown,  one  on 
the  inside  and  one  on  the  outside,  whence  they  are  termed 
bicuspid  teetb,  and  sometimes  false  grinders.  All  these 
teeth  hare  usually  one  fang  each,  except  the  bicuspid,  the 
fangs  of  which  may  be  more  or  less  completely  divided  into 
twa  The  remaining  teeth  have  two  or  three  fanga  each, 
and  their  crowns  are  much  broader.  As  they  crush  and 
grind  the  matters  which  pass  between  them,  they  are  called 
molars,  or  true  grinders.  In  the  upper  jaw  their  crowns 
present  four  points  at  the  four  corners,  and  a  diagonal  ridge 
connecting  two  of  them.  In  the  lower  jaw  the  complete 
pattern  is  five-pointed,  there  being  two  cusps  on  the  inner 
aide  and  three  on  the  outer. 

181.  Working  of  tte  Jaw. — The  muscles  of  the  parts 
which  have  been  described  have  such  a  disposition  that  the 
lower  jaw  can  be  depressed,  so  as  to  open  the  mouth  and 
separate  the  tcelh  ;  or  raised,  in  such  a  manner  as  to  bring 
the  teeth  together;  or  move  oblinuely  from  side  to  side,  so 
as  to  oause  the  face  of  the  grinding  teeth  and  the  edges  of 
the  cutting  teeth  to  slide  over  one  another.  And  the  muscles 
which  perform  the  elevating  and  sliding  movements  are  of 
great  strength,  and  confer  a  corresponding  force  upon  the 
grinding  and  cutting  actions  of  the  teeth.  In  correspond- 
ence with  the  pressure  they  have  to  resist,  the  superficial 
substance  of  the  crown  of  the  teeth  is  of  great  hardness, 
being  formed  of  enamel,  which  is  the  hartleat  substance 
in  the  body,  so  dense  and  hard,  indeed,  that  it  will  strike 
fire  with  steel  {see  'db'i).  But,  notwithstanding  its  ex- 
treme   hardness,  it  becomes  worn   down   in    old  persons, 


I 


I 


^H  and  pro] 

^H         the  stoR 


108  ELEUENTAKT   PHTSIOLOGT. 

anil,  at   an    earlier  age,  iii   sarages  who  Uvc   on   coarse 

182.  Hasticatiii^  and  Bwallowing. — Wlicn  Bolid  food  h 
taken  into  the  mouth,  it  is  cut  and  ground  by  the  tcetli, 
the  fragments  which  opze  out  upon  the  outer  side  of  their 
crowns  being  pushed  beneath  tliem  again  by  the  muscular 
contractions  of  the  cheeks  and  lipa ;  wbilc  those  which 
eacnpe  on  the  inner  side  are  thrust  back  by  the  toague, 
until  the  whole  is  thoroughly  rubbed  down. 

Wliile  masticatiou  is  proceeding,  the  salivary  glands 
pour  out  their  eecretion  in  great  abundance,  and  the  saliva 
mixes  with  the  food,  which  thus  becomes  interpenetrated 
not  only  with  the  salivary  fluid,  but  with  the  air  which  is 
entangled  in  the  bubbles  of  the  saliva. 

WTien  the  food  is  sufficiently  ground  it  is  collected,  en- 
veloped ia  saliva,  into  a  mass  or  bolus,  which  rests  upon 
the  back  of  the  tongue,  and  is  carried  backwards  to  the 
aperture  which  leads  into  the  pharynx.  Through  this  it 
is  thrust,  the  soft  palate  being  lifted  and  its  pillars  being 
brought  together,  wliile  the  backward  movement  of  the 
tongue  at  once  propels  the  masB  and  causes  the  epiglottis 
to  incline  backwards  and  downwards  over  the  glottis,  and 
so  to  form  a  bridge  by  which  the  bolus  can  travel  over  the 
opening  of  the  air-passage  without  any  risk  of  tumbling 
into  it.  While  the  epiglottis  directs  the  course  of  the 
moss  of  food  below,  and  prevents  it  from  passing  into  tlie 
trachea,  the  soft  palate  guides  it  above,  keeps  it  out  of  the 
nasal  chamber,  and  directs  it  downwards  and  backwards 
towards  the  lower  part  of  the  muBcular  pharyngeal  funnel. 
By  this  the  bolus  is  immediately  seized  and  tightly  held, 
and  the  muscular  fibres  contracting  above  it,  while  they  are 
comparatively  lax  below,  it  is  rapidly  thrust  into  the  cesopb- 
agus.  By  the  muscular  walls  of  this  tube  it  is  grasped 
and  propelled  onwards,  in  a  similar  iitshion,  until  it  reaches 

stomach. 

Lrinkii^. — Drink  is  taken  in  exactly  the  same  way. 
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It  does  Dot  Cail  down  tbe  pbaiynx  and  gullet,  but  eacb  gulp 
ia  grasped  and  passed  down.  Hence  it  is  that  jugglers  are 
able  to  dhuk  stuodiug  upon  tbeir  heads,  and  that  a  horse 
or  ox,  drinks  with  its  throat  lower  than  its  stomach,  foala 
which  would  be  impossible  if  fluid  Gimplj  Ml  down  the 
gidlet  into  the  gastric  cavity. 

During  these  procesaea  of  mastication,  iusalJralion,  and 
deglutition,  what  happens  to  the  food  ia,  first,  that  it  is 
reduced  to  u  coarser  or  liner  pulp ;  secondly,  that  any  mat- 
ters it  carries  in  solution  are  still  more  diluted  by  the  water 
of  the  saliva ;  thirdly,  that  any  starch  it  may  contain  begins 
to  be  changed  into  sugar  by  the  peculiar  constituent  {ptya- 
lin)  of  the  saliva. 

Sectios  lH— Stomach- Digestion. 

181  The  Stomach  and  the  Gastric  Juice.— The  stomach, 
like  the  gullet,  consists  of  a  tube  with  muscular  walls  com- 
posed of  smooth  muscular  fibres,  and  lined  by  an  epithe- 
lium ;  but  it  differs  from  the  gullet  in  several  circumstances. 
In  the  first  place,  its  cavity  is  greatly  larger,  aud  its  left 
end  is  produced  into  an  enlargement  which,  because  it  ia 
on  the  bearl-side  of  the  body,  ia  called  the  cardiac  dilata- 
tion (Fig.  51,  i).  The  opening  of  the  gullet  into  the  stom- 
ach, termed  the  cardiac  aperture,  is  consequently  nearly 
in  tbe  middle  of  the  whole  length  of  the  organ,  which  pre- 
sents a  long,  convex,  greater  curvature,  along  its  front  or 
under  edge,  and  a  short  concave,  fewer  curvature,  on  Its 
back  or  upper  contour.  Towards  its  right  extremity  tlio 
etomach  narrows,  and,  where  it  passes  into  the  intestine, 
the  muscular  fibres  are  so  disposed  as  to  form  a  sort  of 
sphincter  around  the  aperture  of  communication.  This  is 
called  the  pylorus  (Fig.  51,  d). 

The  mucous  membrane  lining  the  wall  of  the  stomach 
is  very  delicatf,  and  multitudes  of  small  glands  open  upon 
its  surface.  Some  of  these  are  simple,  but  others  (Fig.  52' 
posEeas  a  somewhat  more  complicated  structure,  their  blind 
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ends  being  subdivided.  It  is  these  glaDds,  iind  more  es- 
pecially the  more  complicated  ones,  the  Bo-cnlled  peptic 
glands,  which,  when  food  passes  into  the  stomach,  throw 
out  a  tiiin  acid  fluid,  the  gastric  juice. 

When  the  stomach  is  empty,  its  mucous  membruric  is 
pale  and  hardly  more  than  moist.  Its  small  arteries  are 
then  io  a  state  of  contraction,  and  comparatively  little 
blood  is  seot  through  it.  On  the  entrance  of  food,  a  ner- 
vous action  is  set  up,  which  causes  these  amall  arteries  to 
dilate;  the  mucous  membrane  consequently  receives  &  , 
much  larger  quantity  of  blood,  it  becomes  very  red,  little 
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drops  of  fluid  gather  at  the  mouth  of  the  glands,  and  finally 
run  down  as  gastric  juice.  Tlie  process  is  very  similar  to 
the  combined  blushing  and  sweating  which  tiikcs  place 
when  the  sympathetic  in  the  neck  is  divided. 

Pure  gastric  juice  appears  to  consist  of  little  more  than 
water,  containing  a  few  saline  matters  in  solution,  and  its 
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acidity  is  due  to  the  presence  of  free  liydroclilorie  acid ;  it 
possesses,  however,  in  addition  a  small  quantity  uf  a  pecu- 
liar substance  called  pepsin,  which  seewis  to  be  not  alto- 
gether dissimilar  in  chemical  composition  to,  though  very 
different  in  its  effects  horn,  pli/aliii  (179). 

Thus,  when  the  food  passes  into  the  stomach,  the  con- 
tractions of  that  org]to  roll  it  about  and  mix  it  thoroughly 
with  the  gastric  juice. 

185>  Artificial  Digestion. —  It  is  easy  to  ascertain  the 
properties  of  gastric  juice  esperi  men  tally,  by  putting  a. 
Email  portion  of  that  part  of  the  mucous  membrane  which 
contains  the  peptic  glands  into  acidulated  water  containing 
small  pieces  of  meal,  hard-boiled  egg,  or  other  proteids, 
md  keeping  the  mixture  at  a  temperature  of  about  100°. 
After  a  few  hours  it  will  bo  found  that  the  white  of  egg, 
if  not  in  too  great  quantity,  has  become  dissolved;  while 
all  that  remains  of  the  meat  is  a  pulp,  consisting  chiefly  of 
the  connectirc  tissue  and  fatty  matters  which  it  contained. 
This  is  artificial  digeation,  and  it  has  been  proved  by  ex- 
periment that  precisely  the  same  operation  takes  place 
when  food  undergoes  natural  digestion  within  the  stomach 
\  a  living  animal. 

The  protcid  solution  thus  effected  is  called  a  peptone, 
and  has  pretty  much  the  same  characters,  whatever  the 
nature  of  the  proteid  which  has  been  digested. 

186.  Osnosil. — Peptone  differs  from  all  other  proteids 
I  its  extreme  solubility,  and  in  the  readiness  with  which 
it  passes  through  animal  membranes.  Many  proteids,  as 
fibrin,  are  naturally  insoluble  in  water,  and  others,  such  as 
white  of  egg,  though  apparently  soluble,  are  not  completely 
so,  and  can  be  rendered  quite  solid  or  coagulated  by  being 
simply  heated,  as  when  an  egg  is  boiled.  A  solution  of 
peptone,  however,  is  perfectly  tiuid,  does  not  become  solid, 
and  is  not  at  all  coagulated  by  boiling.  Again,  if  a  quan- 
tity of  white  of  egg  be  tied  up  in  n  bladder,  and  the  blad- 
der immersed  in  water,  very  little  of  the  proteid  will  pass 
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through  the  bladder  into  the  water,  provided  that  tbere  are 
no  holes.  If,  however,  peptone  be  uaed  instead  of  uibumen, 
a  very  lurge  quuntily  will  speedily  pass  through  into  the 
water,  and  a  quautity  of  water  will  pass  from  the  outside  . 
into  the  bladder,  eausing  it  to  swell  up,  Thia  process  is 
called  osmosis,  and  Is  evidently  of  great  importance  in  t 
economy ;  and  the  purpose  of  the  oonvereioii  of  the  vanoua  I 
proteidfi  by  digestion  into  peptone  seems  to  be,  in  part  at 


OncoriheGkiDds,  irhli 

least,  to  enable  this  class  of  food-stuff  to  pass  readily  into 
the  blood  through  the  thin  partition  formed  by  the  walls 
of  the  mucous  membrane  of  the  intestine  and  the  coats  of 
the  capillaries. 

Similarly,  starch,  eron  when  boiled,  and  so  partially 
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dissolved,  will  not  pass  tlirough  membranes,  whereas  sugar 
does  so  with  the  greatest  ease.     Hence  the  reason  of  the 
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conversion  of  starch,  by  digestion,  into  sugar.  It  takes  a 
very  long  time  (some  days)  for  the  dilute  acid  alone  to 
dissolve  proteid  mattera,  aud  licnoe  the  solvent  power  of 
gastric  juice  must  be  chiefly  attributed  to  the  pepsin. 

As  far  aa  we  know,  gastric  juice  has  no  direct  action  on 
fats ;  by  breaking  up,  however,  the  proteid  framework  in 
wliioh  animal  and  vegetable  fats  are  embedded,  it  sets  these 
free,  and  so  helps  their  digestion  by  exposing  them  to  the 
action  of  other  agents.  It  appears,  too,  that  gastric  juice 
has  no  direct  action  on  amyloids ;  on  the  contrary,  the  con- 
version of  the  starch  into  sugar,  begun  in  the  mouth,  appears 
to  be  wholly  or  partially  arrested  by  the  acidity  of  the  con- 
tents of  the  stomach,  ptyalin  being  active  only  in  an  alka- 
line or  neutral  mixture. 

187.  Aburption  from  the  Stom&ch. — By  continual  roll- 
ing about,  with  constant  additions  of  gastric  juice,  the  food 
becoraea  reduced  to  the  consistence  of  pea-soup,  and  is 
called  eJiyme.  In  this  state  it  is,  in  part,  allowed  to  escape 
through  the  pylorus  and  to  enter  the  duodenum ;  but  a 
great  deal  of  the  fluid  (consisting  of  peptone,  lirjgether  with 
any  saccharine  fluids  resulting  from  the  partial  conversion 
of  starch,  or  otherwise),  is  at  once  absorbed,  making  its 
way,  by  imbibition,  through  the  walls  of  the  delicate  and 
numerous  vessels  of  the  stomach  into  the  current  of  the 
blood,  which  is  rushing  through  the  gastric  veins  to  the 
vena  portee. 

Section  XV. — IiUenlinal  Di(/eetton. 

188.  The  Large  and  Small  Intertinea  —  The  intestines 
form  one  long  tube,  with  mucous  and  muscular  coats,  like 
the  stomach ;  and,  like  it,  they  are  enveloped  in  perito- 
neum. They  ore  divided  into  two  portions — the  small  in- 
leslinea  and  the  large  intestines ;  the  latter  having  a  mnch 
greater  diameter  than  the  former.  The  small  intestines 
again  are  subdivided  into  the  duodenum,  the  Jejunum,  and 
the  ileum^  but  there  is  no  natural  line  of  demarcation  be- 
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^B^tireea  these.  The  duodenum,  however,  is  distin^ishable 
^P  M  that  part  of  the  small  intestine  which  immediately  suc- 
ceeds the  stomscli,  and  is  bent  upon  itself  and  iastened  by 
the  peritoneum  against  the  back  wall  of  the  abdomen,  in 
tiie  loop  shown  in  Fig.  51.  It  is  iu  this  loop  that  the  head 
of  the  pancreas  lies  (Fig.  47). 

The  ileum  (Fig.  54,  a),  is  no  wider  than  the  jejunum  or 

I  duodenum,  so  that  the  transition  from  the  small  intestine 

D  the  large  («)  is  quite  sudden.     The  opening  of  the  small 

intestine  into  the  l:irge  is  provided  with  promiuent  lips 


}  appmdia  wifntfijr- 


irhioh  project  into  the  cavity  of  the  latter,  and  oppose  the 
lage  of  matters  from  it  into  the  small  intestine,  while 
fttiiey  readily  allow  of  a  passage  the  other  way.    This  is  the 
"  o-ccBcal  valve  (Fig.  54,  d). 

The  large  intestine  forms  a  blind  dilatation  beyond  the' 

ileo-esecal  valve,  which  is  called  the  C€ECum ;   and  from 

this  an  elongated,  blind  process  is  given  off,  which,  from 

its  shape,  is  called  the  vermifomi  appendix  of  the  ciecum 

^(Fig.  54,  b). 

The  WBCum  lies  in  the  lower  part  of  the  right  side  of 
p  abdominal  cavity.     The  cohfi,  or  first  part  of  the  large 
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inteBtine,  passes  upwards  from  it  as  the  ascending  colon  j 
then  making  a  sudden  turn  at  a  riglit  anglt?,  it  passes  across 
to  the  left  side  of  the  body,  being  called  tlie  tranffverae 
colon  in  this  part  of  ita  course ;  and  nest,  suddenly  bend- 
ing backwards  along  the  left  side  of  the  abdomen,  it  be- 
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comes  the  descending  colon.  This  reaches  the  middle  line 
and  becomes  the  rectum,  wliich  is  that  part  of  the  large 
intestine  which  opens  estcmally. 

189.  Their  Parts  and  Actdoni. — Tlie  mucous  membrane 
of  the  whole  intestine  is  provided  with  numerous  small  and 
simple  glands  (named  after  Lieberktlhn),  which  pour  into 
it  a  secretion,  the  intestinal  juice,  the  precise  functions  of 
which  are  unknown,  though  it  appears  in  some  creatures 
'  at  least  to  possess  the  power  of  converting  starch  into 
sugar,  and  proteida  into  peptone.  '  At  the  commencement 
of  the  duodenum  are  certain  racemose  glands,  called  the 
glands  of  Brunner,  whose  function  is  wholly  unknown. 

Structures  peculiar  to  the  small  intestine  are  the  val- 
vidae  conniventes,  transverse  folds  of  the  raucous  mem- 
brane, which  increase  the  surface ;  and  the  villi,  which  are 


minute  tbread-like  processes  of  tbe  mucous  membruic  on 
tlie  valvules  connioentes  and  elsewhere,  set  side  hy  side, 
like  tbe  pile  of  velvet.  Eacb  villus  is  coated  by  epitbe- 
Uum,  and  contains  iu  its  interior  tbe  radicle,  or  coinmeDce- 
ment,  of  a  lacteal  vessel  (44),  between  wbicb  and  tbe  epi- 
tbelium  lies  a  capillary  net-work  witb  its  afferent  artery 
and  efferent  vein.  Tbe  intestines  receive  their  blood  almost 
directly  from  tlie  aorta.  Their  veins  carry  the  blood  which 
baa  traversed  the  intestinal  capillaries  to  the  vejia  porta. 

190.  Peristaltio  Contraction. — ^Tbe  fibres  of  the  mus- 
cular coat  of  tlie  intestines  (which  lies  between  Ibe  muoous 
membrane  and  the  serous,  or  peritoneal,  investment)  are 
disposed  tongitudinaily  and  circularly ;  the  longitudinal 
ooat  being  much  thinner,  and  placed  outside  the  circular 
coat.  Now,  the  circular  libres  of  any  part  contract,  suo- 
oessirely,  in  such  a  manner  that  the  lower  fibres,  or  thoee 
on  the  side  of  tbe  anus,  contract  after  tbe  upper  ones,  or 
those  ou  the  side  of  t!ie  pylorus.     It  follows  from  this 

'  so-called  per/'staltie  contraction,  that  tbe  contents  of  tbo 
intesdnes  are  constantly  being  propelled,  by  successive 
and  progressive  narrowing  of  thc-ir  calibre,  from  their 
appN  towards  their  lower  parts. 

The  large  intestine  presents  noteworthy  peculiarities  in 
the  arrangement  of  the  longitudinal  muscular  fibres  of  the 
cdoa  into  three  bands,  which  are  shorter  than  the  walls 
of  the  intestine  itself,  so  that  the  latter  is  thrown  into 
puckers  and  pouches ;  and  in  tlie  disposition  of  muscular 

[  fibres  around  the  termination  of  the  rectum  into  a  ring-like 
Sphinoter  muscle,  which  keeps  the  aperture  firmly  closed, 

I  exoept  when  defecation  takes  place. 

191.  Entranoe  of  Bile  and  Pancreatio  Jnioe. — ^Tbe  only 
aeoretions,  besides  those  of  the  proper  intestinal  glands, 
which  enter  ibo  intestine,  are  those  of  the  liver  and  the 
pancreas — the  f/ile  and  the  paw^ecUif  jutre.     The  duots  of 

i   these  organs  have  a  common  opening  in  the  middle  of  the 
d  of  tbe  duodenum ;  and,  sin^  the  common  duct  passes 
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obliqueljf  through  the  coats  of  llie  intestine,  its  walls  serve 
as  a  kind  of  valve,  obstructing  the  flow  of  the  contents  of 
the  duodcDum  into  the  duct,  but  readily  permitting  the 
passage  of  bile  and  pancreatic  juice  iuto  the  duodeuum 
(Figs.  44,  47,  51). 

Panpreatic  juice  b  an  alkaline  fluid  not  unlike  saliva  in 
many  respects  ;  it  differs,  however,  in  containing  &  conaid- 
entble  quantity  of  proteid  material.  Bile  we  have  already 
studied. 

After  gastric  digestion  has  been  going  on  some  time, 
and  the  semi  -  digested  food  begins  to  pass  on  into  tbe 
duodenum,  tlie  pancreas  comes  into  activity,  its  blood-ves- 
Bels  dilate,  it  becomes  red  and  full  of  blood,  its  cells  secrete 
,  rapidly,  and  a  copious  flow  of  pancreatic  juice  takes  ]ilace 
along  its  duct  into  the  inteslJnc. 

The  secretion  of  bile  by  the  liver  is  much  more  con- 
tinuous than  that  of  the  pancreas,  and  is  not  so  markedly 
increased  by  the  presence  of  food  in  the  stomach.  ITiere 
is,  however,  a  store  of  bile  laid  up  in  the  gall-bladder ;  and 
as  the  acid  chyme  passes  into  the  duodenum,  and  flows 
over  tlie  common  aperture  of  the  gall  and  pancreatic  ducts, 
a  quantity  of  bile  from  this  reservoir  in  the  gaU-bbdder  is 
ejected  into  the  intestine.  The  bile  and  pancreatic  jitiee 
together  here  mix  with  tbe  chyme  and  convert  il  iulo  what 
is  called  chj/k, 

192.  Chyle— Absorption  from  the  Intestinei.— Chyle  dif- 
fers from  chyme  in  two  respects.  In  tbe  first  place,  the 
alkali  of  the  bile  neutralizes  the  acid  of  the  chyme  ;  in  the 
scoond  place,  both  the  bile  and  the  pancreatic  juice  appear 
to  exercise  an  influence  over  the  fatty  matters  contained  in 
the  chyme,  which  facilitates  the  subdivision  of  these  fata 
into  very  minute  separate  particles.  The  chyme,  in  fact, 
which  results  from  the  digestion  of  fatty  food,  is  a  mere 
mixture  of  watery  fluid  with  oily  matters,  which  are  ready 
to  separate  from  it  and  unite  with  one  another.  In  the 
chyle,  on  the  other  hand,  the  fatty  matters  are  suspended 
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in  the  fluid,  just  as  oil  may  be  evenlj  diffused  through 
water  by  gradually  rubbing  It  up  with  white  of  egg  into 
what  is  termed  an  emulsion;  or  as  the  fat  (that  is,  the 
butter)  of  milk  is  naturally  held  suspended  in  the  watery 
basis  of  milk. 

The  chyle,  with  these  suspended  particles,  looks  white 
and  milky,  for  the  same  reason  tliat  milk  has  the  same 
aspect — the  multitude  of  minute  suspended  fatty  particles 
reflecting  a  great  amount  of  light. 

The  conversion  of  starch  into  sugar,  which  seems  to  be 
suspended  wholly,  or  partially,  so  long  as  the  food  remains 
in  the  stomaub,  on  account  of  the  acidity  of  the  chyme,  Is 
resumed  as  soon  as  the  latter  is  neutralized,  the  pancreatic 
and  intestinal  juices  operating  powerfully  in  this  direction. 

Recent  observations,  moreover,  have  shown  that  pan- 
creatic juice  has  a  powerful  effect  on  proteid  matters,  ood- 
verting  them  into  peptones  differing  little,  if  at  all,  from 
the  peptones  resulting  from  gastric  digestion.  It  would 
appear,  too,  that  fats  are  not  only  minutely  divided  or 
emulaionized  by  the  bile  and  pancreatic  juice,  i.  e.,  acted 
upon  mechaaioally,  but  also  to  a  small  extent  converted  by 
a  chemical  change  into  soaps,  and  thus  rendered  more  solu- 
ble- Hence  it  appears  that,  ^vhile  in  the  mouth  amyloids 
only,  and  in  the  stomach  proteids  only,  are  digested,  in 
the  intestine  all  three  kinds  of  foodstuffs,  proteids,  fats, 
and  amyloids,  ar*  either  completely  dissolved  or  minutely 
subdivided,  and  so  prepared  for  their  passage  into  the 
vessels. 

As  the  chyle  is  thrust  along  the  small  intestines  by  the 
grasping  action  of  the  peristaltic  contractions,  the  dissolved 
matter  which  it  contains  is  absorbed,  in  the  ordinary  way, 
by  osmesis  into  the  vessels  of  the  villi.  The  minute  par- 
ticles of  fatty  matter,  on  the  other  hand,  which,  not  being 
dissolved,  are  incapable  of  osmosis,  pass  bodily  through 
the  soft  substance  of  the  epithelium  into  that  of  the  villi, 
and  BO  into  the  beginning  of  the  lacteal 
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The  exact  manner  in  which  this  is  eOected 
a  matter  of  dispute.  The  contents  of  the  inteatiae 
doubt«dly  subject  to  pressure  from  the  peristaltic  contrac- 
tions of  the  muscular  walls  ;  and  this  may  help  to  squeeze 
the  iat  into  the  viUi,  just  as  merrury  mny  be  squeezed 
through  the  pores  of  a  piece  of  wash-leather.  The  pro- 
ofiBS,  however,  is  probably  not  one  of  mere  pressure  only. 

Ab  the  net-work  of  capillaries  lies  outside  the  lacteal 
radicle  in  each  villus,  it  would  appear  probable  that  the 
blood-vessels  must  carry  off  the  greater  part  of  the  more 
soluble  matters  of  the  chyle.  It  is  possible,  however,  that 
some  of  these  pass  by  simple  diffusion  into  the  lacteuls  as 
well  as  into  the  blood-vessels.  We  are  not,  in  fact,  in  pos- 
sessioQ  of  eiaot  knowledge  as  to  which  coustituents  of  the 
chyle  pass  into  the  lacteals,  and  which  into  the  b]ooJ-ves< 
sels  {or  which  into  both),  escept  on  one  point ;  and  that  is, 
that  the  minutely-divided  fat  passes  not  into  the  blood- 
vessels, but  into  the  iacteals,  fills  them,  and  only  enters 
the  blood  after  a  roundabout  passage  through  the  mesen- 
teric lymphatics  and  the  thoracic  duct  (43,  44), 

193.  DigeatioD  in  the  Large  latestineB, — The  digested 
matters,  as  they  are  driven  along  the  email  intestines, 
gradually  become  deprived  of  their  peptones,  fats,  and 
soluble  amyloids,  and  are  forced  through  the  ileo-ciecal 
valve  into  the  ciEcum  and  large  intestine.  Here  they 
acquire  an  acid  reaction  and  the  characteristic  fecal  odor 
and  color,  which  become  more  and  more  marked  as  they 
approach  the  rectum.  It  has  been  supposed  that  a  sort 
of  second  digestion  occurs  in  the  upper  part  of  the  large 
intestine. 
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CHAPTER   VIL 


MOnCS    AND    LOCOMOnOW. 

Section  L — Inatrumenta  of  Motion. 

194.  The  Vital  Eddy.— In  tlie  preceding  cliaptcrs  the 
manner  in  wliich  the  incomings  of  the  buman  body  are 
converted  into  its  outgoings  has  been  explained.  It  has 
been  seen  that  new  matter,  in  the  form  of  vital  and  min- 
eral foods,  is  constantly  appropriated  by  the  body,  to 
make  up  for  the  loss  of  old  matter,  in  the  shape,  cliiefly, 
of  carboQic  acid,  urea,  and  water,  which  is  as  constantly 
going  on. 

The  vital  foods  are  derived  directly,  or  indirectly,  from 
the  vegetable  world  :  and  the  products  of  waste  cither  are 
such  compounds  as  abound  in  the  mineral  world,  or  im- 
mediately decompose  into  thein.  Consequently,  the  human 
body  is  the  centre  of  a  stream  of  matter  which  sets  inces- 
santly from  the  vegetable  and  mineral  worlds  into  the 
mineral  world  again.  It  may  lie  compared  to  an  eddy  in 
a  river,  which  may  retain  its  shnpc  for  an  indefinite  length 
of  time,  though  no  one  particle  of  the  water  of  the  stream 
it  for  more  than  a  brief  period. 

But  there  is  this  peculiarity  about  the  human  eddv, 
that  a  lai^  portion  of  the  particles  of  matter  which  flow 
into  it  have  a  much  more  complex  composition  than  the 
particles  which  flow  out  of  it.  To  speak  in  what  is  not 
altogether  a  metaphor,  the  atoms  which  enter  the  body 
are,  for  the  most  part,  piled  up  in  large  lieaps,  and  tumble 
down  into  small  heaps  before  they  leave  it.  The  force 
which  they  set  free,  in  thus  tumbling  down,  is  the  Source 
of  the  active  powers  of  the  organism. 

195.  Organs  of  Motion. — These  active  powers  are  chieBy 
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manifested  io  the  form  of  motion — movement,  that  is,  either 
of  part  of  tbe  body,  or  of  the  body  as  a  whole,  which  last 
is  termed  locomoHon. 

The  orguiis  which  produce  total  or  partial  movemecla 
of  the  human  body  are  of  three  kinds ;  ceils  exldbiting 
amcehoid  tnovements,  cilia,  and  muscles. 

The  amceboid  movements  of  the  white  corpuscles  of  the 
blood  have  been  already  described,  and  it  is  probable  that 
similar  movements  are  pierformed  by  many  other  simple 
cells  of  the  body  io  various  regions. 

The  amount  of  movement  which  each  cell  is  thus  capa- 
ble of  giving  riac  to  may  appear  perfectly  iusigniScant ; 
nevertheless,  there  are  reasons  for  thinking  that  these 
amoeboid  movements  are  of  great  importance  to  the  econ- 
omy, and  may  under  certain  circumstances  be  followed  by 
very  notable  consequences. 

196.  Action  of  the  Cilia.— CiViu  arc  filaments  of  ex- 
tremely smul!  size,  attached  by  their  bases  to,  and  indeed 
growing  out  from,  the  free  surfaces  of  epithelial  cells  {see 
341) ;  there  being  in  most  instances  very  many  (thirty,  for 
inatanoe),  but,  in  some  cases,  only  a  few  cilia  on  each  cell. 
In  some  of  the  lower  animals,  cells  may  be  found  possess- 
ing only  a  single  cilium.  They  are  io  incessant  waving 
motion,  ao  long  as  life  persists  in  them.  Their  most  com- 
mon form  of  movement  is  that  each  cilium  is  suddenly  bent 
upon  itself,  becomes  sickle-shaped  instead  of  straight,  and 
then  more  slowly  straightens  again,  both  movements,  bow- 
ever,  being  extremely  rapid  and  reiieated  about  ten  times 
every  second.  These  two  movements  arc  of  course  antag- 
onistic ;  tbe  bending  drives  the  water  or  fluid  in  which 
the  cilium  is  placed  in  one  direction,  while  the  straighten- 
ing drives  it  back  again.  Inasmuch,  however,  as  the  bend- 
ing is  much  more  rapid  than  the  straightening,  the  force 
expended  on  the  water  in  the  former  movement  is  greater 
than  in  the  latter.  The  total  effect  of  the  double  move- 
ment therefore  is  to  drive  the  fluid  in  the  direction  towards 
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which  the  cilium  ia  bent ;  that  is,  of  course,  if  the  cell  ou 
which  the  oilia  are  placed  is  fixed.  If  the  cell  tie  floating 
free,  the  effect  is  to  drive  or  row  the  cell  backwards ;  for 
their  moremecits  may  continue  even  for  some  time  after 
the  epithelial  cell,  with  which  they  are  connected,  is  de- 
tached from  the  body.  And  not  only  do  the  movements 
of  the  cilia  thus  go  on  Independently  of  the  rest  of  the 
body,  but  they  cannot  be  controlled  by  the  action  of  the 
nervous  syatera.  Each  ciUum  seems  to  be  composed  of 
contractile  substance,  and  the  cause  of  its  movement  would 
appear  to  be  the  alternate  contraction  and  relaxation  of  its 
opposite  sides  along  its  whole  length  or  at  its  base  only; 
but  why  these  alternations  take  place  is  unknown. 

Although  no  other  part  of  the  body  has  any  control 
over  the  cilia,  and  though,  so  far  as  we  know,  they  have 
no  direct  communicjition  with  one  another,  yet  their  action 
is  directed  towards  a  common  end— the  cilia,  which  cover 
extensive  surfaces,  all  working  in  such  a  manner  as  to 
sweep  whatever  lies  upon  that  surface  in  one  and  the  same 
direction.  Thus,  the  cilia  which  are  developed  upon  the 
epithelial  cells,  which  line  tbe  greater  part  of  the  nasal 
cavities  and  the  trachea,  with  its  ramifications,  l«i]d  to 
drive  the  mucus  in  wiiich  tliey  work,  outn-ards. 

In  addition  to  the  air-passages,  cilia  are  found,  in  the 
human  body,  in  ths  ventricles  of  the  brain,  and  in  one  or 
two  other  localities  ;  but  the  part  which  they  play  in  man 
is  insignificant  in  comparison  with  their  function  in  the 
lower  animals,  among  many  of  which  they  become  the 
ciiief  organs  of  locomotion, 

197.  Kuctilar  Contraction. — Mmcles  (18)  are  accumu- 
lations of  fibres,  each  iibre  having  a  definite  structure 
which  is  dilTcrent  m  \he  striated  nnd  unstriated'^mAs  {»ee 
355).  These  fibres  are  bound  uj)  by  fibrous  (or  connective) 
tissue  with  blood-vessels,  etc.,  into  small  bundles ;  and 
these  bundles  are  again  siniiturly  bound  up  togctlier  in 
ways  so  as  to  form  muscles  of  various  shapes  and 
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sizes.  Every  fibre  has  the  power,  under  certain  condi- 
tions, of  shortening  in  length,  while  it  iiicrenBCS  its  other 
dimensions,  so  that  the  abeolute  volume  of  the  fibre  re- 
mains unchaiigcd.  This  power  is  called  muecular  cotUrao- 
tility ;  and  whenever,  in  virtue  of  this  power,  a  tniiacular 
fibre  contracts,  it  tends  to  bring  its  two  ends,  with  what>- 
ever  maj  be  fastened  to  thera,  together. 

The  condition  which  ordinarily  determines  the  contrao- 
tion  of  a  muscular  fibre  is  a  change  of  state  in  a  nerve- 
fibre,  which  is  in  close  anatomical  connection  with  the 
muscular  fibre.  The  nerve-fibre  is  thence  CBlled  a  motor 
fibre,  because,  by  its  influence  on  a  muscle,  it  becomes  the 
indirect  means  of  producing  motion  (317). 

Muscle  is  a  highly-elastic  substance.  It  oontains  a 
\taga  amount  of  water  (about  as  much  as  the  blood),  and 
during  life  has  a  clear  and  semi-transparent  aspect, 

19B.  Rigor  Hortis. — When  subjected  to  pressure  in  the 
perfectly  fresh  state,  and  after  due  precautions  have  been 
taken  to  remove  all  the  contained  blood,  striated  muscle 
(355)  yields  a  fluid  which  undergoes  spontaneous  coagula- 
tion at  ordinary  temperatures.  At  a  longer  or  shorter  time 
after  death  this  coagulation  takes  place  within  the  muscles 
themselves.  Tliey  become  more  or  less  opaque,  and,  losing 
their  previous  elasticity,  set  into  hard,  rigid  masses,  which 
retain  the  form  which  they  possess  when  the  coagulation 
commences.  Hence  the  limbs  become  fixed  in  the  position 
in  which  death  found  them,  and  the  body  passes  into  the 
condition  of  what  is  termed  the  "  death-stifienJng,"  or  rigor 
mortis.  After  the  lapse  of  a  certain  time  the  coagulated 
matter  liquefies,  and  the  muscles  pass  into  a  loose  and  flaccid 
condition,  which  marks  the  commencement  of  putrefaction. 

It  has  been  obser\-ed  that  the  sooner  rigor  mortia  sets 
in,  the  sooner  it  is  over;  and,  I  he  later  it  commences  the 
longer  it  lasts.     The  greater  the  amount  of  muscular  e 
tion,  and  consequent  exhaustion  before  death,  1 
rigor  mortis  sets  in. 
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198.  Compontion  of  Hnscle. — Ei^or  mortis  evidently 
presents  some  analogies  with  the  coagulation  of  the  blood, 
and  the  substance  which  thus  coagulates  within  the  fibre 
{nxyoain,  or  musele-clot,  as  it  is  sometimes  called),  is  in 
toBDy  respects  not  unlike  fibrin.  It  forms  at  least  the 
greater  part  of  the  substance  which  may  be  extracted  from 
muscle  by  dilute  acids,  and  is  called  syntonin  (see  167), 
Besides  myosin,  muscle  contains  other  varieties  of  proteid 
inaterial  about  which  we  at  present  know  Lttle ;  a  variable 
quantity  of  fat;  certain  inorganic  saline  matters,  phosphates 
and  potash  being,  as  is  the  case  in  the  red  blood-corpuscles, 
in  excess ;  and  a  large  number  of  substances  enisting  in 
small  quantities,  and  often  classed  together  as  "  extrac- 
tives." Some  of  these  extractives  contain  nitrogen;  the 
most  important  of  this  class  is  creatin,  a  crystalline  body 
which  is  supposed  to  be  the  clwef  form  in  which  nitro- 
genous waste  matter  leaves  the  muscle  on  its  way  to  be- 
come urea. 

The  other  class  of  extractives  contains  bodies  free  from 
nitrogen.  Perhaps  the  most  important  of  these  is  lactic 
acid,  which  seems  always  to  be  formed  when  a  muscle  con- 
tracts, or  when  it  enters  into  rigor  mortis.  For  it  is  a 
I  fact  that  a  muscle  when  at  rest  has  a  neutral  or 
18  shown  by  testing  it  with  litmus,  but 
n  it  has  been  contracting  for  some  time 
y  death, 
e  of  a  deep-red  color ;  Ihis  is  due  in  part 
1  their  vessels ;  but  only  in  part, 
0  capillary  enters)  has  a  reddish 


alkaline  reaction,  i 
becomes  acid  wher 
or  become  rigid  fa 
Most  muscles  a 
to  the  blood  remaining  i 
for  each  fibre  (into  which  n 


color  of  its  own,  like  a  blood- corpuscle,  but  fainter.  And 
this  color  is  probably  due  to  the  fibre  possessing  a  small 
quantity  of  that  same  haemoglobin  in  which  the  blood- 
corpuscltis  are  so  rich. 

200.  Attachment  of  UOBCles.  —  Muscles  may  be  con- 
veniently divided  into  two  groups,  according  to  the  mao- 
I  which  the  ends  of  their  fibres  are  fastened — into 
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musirlea  not  attachctt  to  BoUd  levers,  and  muscles  attached 
to  solid  levers. 

201.  Hnsclee  not  attached  to  Solid  LererB. — Under  this 
head  come  the  musclos  which  are  appropriatL-Iy  called  hol- 
hitc  muscles,  inasraucli  as  they  inclose  a  cavity  or  Buiround 
a  space ;  aud  their  contraction  lesseus  the  capacity  of  that 
cavity,  or  tlie  extent  of  that  space. 

The  muscular  libres  of  the  heart,  of  the  blood-vessels, 
of  (he  lymphatic  vessels,  of  the  alimentary  canal,  of  the 
urinary  bladder,  of  the  duets  of  the  glands,  of  the  iris  of 
the  eye,  are  so  arranged  as  to  form  hollow  muscles. 

In  the  heart  the  muscular  fibres  are  of  the  striated  Idnd, 
and  their  disposition  is  exceedingly  complex.  The  cavities 
which  they  inclose  are  those  of  the  auricles  and  ventricles 
and,  as  we  have  seen,  the  fibres,  when  they  contract,  do  so 
suddenly  and  together. 

The  iris  of  the  eye  is  like  a  curtain,  in  the  middle  of 
which  is  a  circular  hole.  The  muscular  Bbres  are  of  the 
smooth  or  imstriated  kind  {nee  355),  and  they  are  disposed 
in  two  sets:  one  set  radiating  from  the  edges  of  the  bole 
to  the  circumference  of  the  curtain ;  and  llie  other  set  ar- 
ranged in  circles,  concentrically  with  the  aperture.  The 
muscular  fibres  of  each  set  contract  suddenly  and  together, 
the  radiating  fibres  necessarily  enlarging  the  hole,  the  cir- 
cular fibres  diminishing  it. 

In  the  alimentary  canal  the  muscular  fibres  are  also  of 
the  unstriated  kind,  and  they  are  disposed  in  two  layers  [ 
one  set  of  fibres  being  arranged  parallel  with  the  length 
of  the  intestines,  while  the  others  are  disposed  circularly, 
or  at  right  angles  to  the  former. 

As  has  been  statod  above  (190),  the  contraction  of  thcae 
muscular  fibres  is  successive ;  that  is  to  say,  all  the  mus- 
cular fibres,  in  a  given  length  of  the  intestines,  do  not  con- 
tract at  once,  but  those  at  one  end  contract  first,  and  the 
others  follow  them  until  the  whole  series  have  contracted, 
Aa  the  order  of  contraction  is,  naturally,  always  the 
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from  the  upper  towards  tbc  lower  end,  the  effect  of  this 
peristaltic  contraction  is,  as  we  have  seen,  to  force  anj 
matter,  contained  in  the  idimentory  canal,  from  its  upper 
towards  its  lower  extremity.  The  muscles  of  the  walls  of 
the  ducts  of  the  gluada  have  a  substantially  similar  ar- 
langement.  In  these  cases  the  ooutraction  of  each  fibre  is 
leBG  sudden,  and  lasts  longer  than  in  the  case  of  the  heart. 


Sectios  II. — Mechaniam  of  DoilUy  Moveiuenf. 
203.  Hnscles  attached  to  Seflnite  Levers.  —The  great 
'   majority  of  the  muscles  in  the  body  are  attached  to  dis- 
tinct levers,  formed  by  the  bones,  the  minute  structure  of 
which  is  explained  in  Chapter  XII.     In  such  bones  as  are 
ordinarily  employed  as  levers,   the  osseous  tissue  is  ar- 
ranged in  the  form  of  a  she^  (Fig.  56,  b),  formed  of  a  very 
1  dense  and  compact  osseous  matter,  but  often  containing  a 
'  great  central  cavity  (S)  wliich  is  filled  with  a  very  delicate 
vascular  and  fibrous  tissue  loaded  with  fat  called  marrow. 
Towards  the  two  ends  of  the  bone,  the  compact  matter  of 
the  shaft  thins  out,  and  is  replaced  by  a  much  thicker  but 
looser  sponge-work  of  bony  plates  and  fibres,  which  is 
[  termed  the  cancellous  tissue  of  the  bene.    The  surface  even 
I  of  this  part,  howei'er,  is  still  formed  by  a  thin  sheet  of 
inser  bone. 
At  least  one  end  of  each  of  these  bony  levers  is  fasb- 
I  ioned  into  a  smooth,  articular  surface,  covered  with  car- 
Y  tilage,  which  enables  the  relatively  fixed  end  of  the  bone 
I  to  play  upon  the  corresponding  surface  of  some  other  bone 
[  with  which  it  is  said  to  be  articulated,  or,  contrariwise, 
allows  that  other  bone  to  move  upon  if. 

It  is  one  or  other  of  these  extremities  which  plays  the 
part  of  fulcrum  when  the  bone  is  in  use  as  a  lever. 
^^  Thus,  in  the  accompanying  figure  (Fig.   57),  of  the 

^^L  bones  of  the  upf»cr  extremity,  wilh  the  attachment  of  the 
^H  ticepa  muscle  to  the  shoulder-blade  and  to  one  of  the  two 
^^vtioneB  of  the  forearm  called  the  radita,  P  indicates  the 
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point  of  action  of  the  power  (the  contracting  muscle)  upon 
the  radius. 

But,  to  understand  the  action  of  the  bones,  as  levers, 
properly,  it  is  necessary  to  possess  a  knowledge  of  the 
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different  kinds  of  levers,  and  be  able  to  refer  the  various 
combinations  of  the  bones  to  their  uppropriate  lever^tlassoe, 
A  lever  is  a  rigid  bar,  one  part  of  which  is  absolutelj 
or  relatively  fised,  while  the  rest  is  free  to  move.  Some 
one  point  of  the  movable  part  of  the  lever  ia  set  in  motion 


by  a  force,  in  order  to  comraunicato  more  or  less  of  that 
motion  to  another  point  of  the  movable  part,  which  pre- 
sents a  resistance  to  motion  in  the  shape  of  a  weight  or 
other  obstacle. 

203.  Three  Orders  of  LBrers.  —  Three  kinds  of  levers 
are  enumerated  by  mechanicians,  the  definition  of  each 
kind  depending  upon  the  relative  positions  of  the  point  of 
support,  or  fulcncm ;  of  the  point  which  bears  the  rc<M^ 
ance,  weight,  or  other  obstacle  to  be  overcome  by  the  force ; 
and  of  the  point  to  which  the  force,  or  power  employed  to 
overcome  the  obstacle,  is  applied. 

If  the  fulcrum  be  placed  between  the  power  and  the 
weight,  so  that,  when  the  power  sots  the  lever  in  motion, 
the  weight  and  the  power  describe  arcs,  the  concavities 


J 


190  ELEMENTARY  PHTSIOLOGT. 

of  which  are  turned  towards  one  another,  llic  lever  is  said  \ 
to  be  of  the  Jirsl  ord«r.     (Fig.  58.) 

If  the  fulcrum  be  at  one  end,  and  the  weight  be  be- 1 
tweeii  it  and  the  power,  so  tliat  weight  and  power  deet 
concentric  arcs,  the  weight  moving  through  the  lees  space  I 
when  the  lever  moves,  the  lever  b  said  to  be  of  the  second  ■ 
order.     (Fig.  59.) 

And  if,  the  fulcrum  being  still  at  one  end,  the  power  bs  1 
between  the  weighl  and  it,  so  that,  as  in  the  former  case,  I 
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the  power  and  weight  describe  concentric  arcs,  but  thi 
power  moves  through  the  less  space,  the  lever  is  of  tht 
third  order.     (Fig.  60.) 

204.  Leven  of  the  First  Order. — In  the  human  body,|A 
the  following  parts  present  examples  of  levers  of  the  first] 

(a)  The  skull  in  its  movements  upon  the  atlas,  as  ^1^1 

(ft)  The  pelvis  in  ila  movements  upon  the  heads  of  thel 
thigh-bones,  as  fulcrum. 

((')  Tiie  foot,  when  it  is  raised,  and  tlie  toe  tapped  on  \ 
the  ground,  the  ankle-joint  being  fidcrum,     (Fig.  68.) 

The  positions  of  the  weight  and  of  power  are  not  given  j 
in  cither  of  these  cases,  because  they  are  reversed  accord:;  J 
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ing  to  circumstances.  TLus,  when  tbe  face  is  being  de- 
pressed, the  power  is  applied  in  front,  and  tbe  weight  to 
the  back  part,  of  the  skull ;  but,  wlien  the  face  is  being 
raised,  tbe  power  is  behind  and  the  weight  in  front.  The 
like  is  true  of  the  pelvis,  according  rs  the  body  is  bent  for- 
ward, or  backward,  upon  the  legs.  Finally,  when  the  toee, 
in  the  action  of  tapping,  strike  the  ground,  tbe  power  is  at 
the  heel,  and  the  resistance  in  the  front  of  the  foot.  But, 
when  the  toes  are  raised  to  repent  the  act,  the  power  is  in 
front,  and  the  weight,  or  resistance,  is  at  the  heel,  being, 
in  fact,  the  inertia  and  elasticity  of  the  muscles  and  other 
parts  of  the  back  of  the  leg. 

But,  in  all  these  cases,  the  lever  remains  one  of  the  first 
oliiBS,  because  the  fulcrum,  or  fixed  point  on  which  the 
lever  turns,  rem^iina  between  the  power  and  the  weight, 
or  resistance. 

805.  Levors  of  the  Second  Order.  —  The  following  are 
three  examples  of  levers  of  the  second  order : 

(a)  The  thigh-bone  of  the  leg,  which  is  bent  up  towards 
the  body  and  not  used,  in  the  action  of  hopping. 

For,  in  this  case,  the  fulcrum  is  at  the  hip-joint.  The 
power  (which  may  be  assumed  to  be  furnished  by  tbe  thick 
muscle '  of  the  front  of  the  thigh)  acts  upon  the  knee-cap ; 
and  the  position  of  ibe  weight  b  represented  by  that  of  the 
centre  of  gravity  of  the  tbigh  and  leg,  which  will  lie  some- 
where between  the  end  of  the  knee  and  the  hip. 

(b)  A.  rib  when  depressed  by  the  rectus  muscle '  of  the 
abdomen,  in  espiration. 

Here  the  fulcrum  lies  where  the  rib  is  articulated  with 
tiie  spine;  the  power  is  at  the  sternum — virtually  the  op- 
posite end  of  the  rib ;  and  tbe  resistance  to  be  overcome 
lies  between  the  two. 
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(c)  Tlie  rUing  of  the  body  upon  the  toes,  iu  etanding^  1 
on  tiptoe,  and  i»  the  first  stage  of  making  a  step  forwards,  f 
(Fig.  59.) 

Here  the  fulcrum  is  the  ground  on  which  the  toca  rest}  I 
the  power  is  applied  by  the  muscles  of  the  calf  to  the  heet'l 
(Fig.  4, 1.) ;  the  resistance  is  so  much  of  the  weight  of  the  T 
body  as  is  borne  by  the  ankle-joint  of  the  foot,  which,  of 
course,  lies  between  tiie  heel  and  the  toes. 

206.  Leren  of  the  Third  Order.  — Three  examples  of 
levers  of  the  third  order  are  : 

(a)  The  spine,  bead,  and  pelvis,  considered  as  a  rigid  I 
bar,  which  has  to  be  kept  erect  upon  the  hip-joinUk  I 
(Fig.  4.) 

Here  the  fulcrum  lies  in  the  hip- joints ;  the  weight  1b  I 
at  the  centre  of  gravity  of  the  head  and  trunk,  high  above  I 
the  fulcrum ;  the  power  is  supplied  by  the  extensor,  or  | 
flexor,  muscles  of  the  thigh,  aud  acts  upon  points  comparur 
lively  close  to  the  fiilcnim.     (Fig.  4,  3  and  H.) 

(i)  Flexion  of  the  forearm  upon  the  arm  by  the  btcept  I 
muscle,  when  a  weight  is  held  in  the  hand. 

In  this  case,  the  weight  being  in  the  hand  and  the  ful-  ] 
crum  at  the  elbow-joint,  the  power  is  applied  at  the  point 
of  attachment  of  the  tendon  of  the  biceps,  ctoae  to  the  lat- 
ter.    (Fig.  57.) 

(c)  Extension  of  ihe  leg  on  the  thigh  at  the  knee-joint 

Here  the  fulcrum  is  the  knee-joint ;  the  weight  is  at 
the  centre  of  gravity  of  the  leg  and  foot,  somewhere  be- 
tween the  knee  and  the  foot ;  the  power  is  applied  by  the 
muscles  in  front  of  the  thigh  (Fig.  4,  2),  through  the  liga- 
ment of  the  knee-cap,  or  patella,  to  the  tibia,  close  to  the 
knee-joint. 

807.  Bach  Kind  represented  in  the  Foot — In  stuJj-ing 
the  mechanism  of  the  body,  it  is  verv  important  to  recol- 
lect that  one  and  the  same  part  of  the  body  may  represent 
each  of  the  three  kinds  of  levers,  according  to  circum- 
Btances.     Thus  it  has  been  seen  that  the  foot  may,  under 
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some  circumstances,  represent  a  lever  of  the  first,  in  others, 
of  tlie  second  order.  But  it  may  become  a  lever  of  the 
third  order,  as  when  one  dances  a  weight,  resting  upon  the 
toes,  up  and  down,  by  moving'  only  the  foot.  In  this  case, 
the  fulcrum  is  at  the  ankle-joint,  the  weight  is  at  the  toea, 
and  the  power  is  furnished  by  the  extensor  muscles  at  tbe 
front  of  the  leg  {Fig.  4,  1),  which  are  inserted  between  the 
fulcrum  and  the  weight.     (Fig.  59.)        \/y 

208.  Joints,— It  is  very  important  that  tbe  levers  of  the 
body  should  not  slip,  or  work  unevenly,  when  their  move- 
ments arc  extensive,  and  to  tjiis  end  they  are  connected 
together  in  such  a  manner  as  to  form  strong  and  definitely- 
arranged  joiw^a  or  articulations. 

Joints  may  be  classified  into  imperfect  and  perfect. 

209.  Imperfect  Joints  are  those  in  which  the  conjoined 
levers  (bones  or  cartilages)  present  no  smooth  surfaces, 
capable  of  rotatory  motion,  to  one  another,  but  are  con- 
nected by  continuous  cartilages,  or  ligaments,  and  have 
only  so  much  mobility  as  is  permitted  by  the  flexibility  of 
the  joining  substance. 

Examples  of  such  joints  as  these  are  to  be  met  with  in 
the  vertebral  colunm — the  flat  surfaces  of  the  bodies  of  the 
vertebras,  being  connected  together  by  thick  plates  of  very 
elastic  Ebro-cartilage,  which  confer  upon  the  whole  column 
considerable  play  and  springiness,  and  yet  prevent  any 
great  amount  of  motion  between  the  several  verlebrw.  In 
the  pelvis  {see  Plate,  Fig.  VI.),  the  pubic  bones  are  united 
to  each  other  in  front,  and  the  iliac  bones  to  the  sacrum 
behind,  by  fibrous  or  cartilaginous  tissue,  which  allows  of 
only  a  slight  play,  and  so  gives  the  pelvis  a  little  more 
elasticity  than  it  would  have  if  it  were  all  one  bone. 

210.  Perfect  Joints. — In  all  perfect  joints,  the  opposed 
bony  surfaces  which  move  upon  one  another  are  covered 
with  cartilage,  and  between  them  is  placed  a  sort  of  sac, 
which  lines  these  cartilages,  and,  to  a  certain  extent,  forms 
the  side-walls  of  the  joint ;  and  which,  secreting  a  small 
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quantity  of  viscid,  lubricating  fluid — tlie  itynovia — is  cnlled 
a  synovial  membrane. 

211.  Stmctiire  and  Working  of  Jointa — The  opposed 
surfaces  of  these  articular  cartilages,  as  they  are  called, 
may  be  spheroidal,  cylindrical,  or  pulley-ahaped ;  and  the 
convexities  of  the  one  answer,  more  or  less  completely,  to 
the  concavities  of  the  other. 

Sometimes,  the  two  articular  cartilages  do  not  come 
directly  into  contact,  but  are   separated  by  independent 
plates  of  cartilage,  which  are  termed  ijiter-arliciilar.     The 
opposite  faces  of  these  inter-articular  cartilages  are  fitted   i 
to  receive  the  faces  of  the  proper  articular  cartihiges. 
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MECHANISM  OF  BODILY   MOVEMENT. 

While  Uiese  coadftpted  surfaces  and  synovial  mem- 
branes provide  for  tbe  free  mobility  of  the  boDes  entering 
into  a  joint,  the  nature  nnd  extent  of  their  motion  are  de- 
fined, partly  by  the  forms  of  the  articular  surfaces,  and 
partly  by  the  disposition  of  the  ligaments,  or  firm,  fibrous 
cords,  which  pass  from  one  bone  to  the  other. 


312.  Ball-and-socket  Joint*.— As  respects  the  nature  of 
the  articular  surfaces,  joints  may  lie  what  are  called  boll' 
and^ocket  Joints,  when  the  spheroidal  surface  furnished  by 
one  boae  plays  in  a  cup  furnished  by  another.  In  this  case 
the  motion  of  the  former  bone  may  take  place  in  any  di- 
rection, but  the  extent  of  the  motion  depends  upon  tbe 
shape  of  the  cup^ — being  very  great  when  the  cup  is  shal- 
low, and  small  in  proportion  as  it  is  deep.     The  shoulder 
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is  an  exnirple  of  a  ball-and-socket  joiut  with  a  Bhallow 
rAip  ;  the  hip,  of  such  a  joint  with  a  deep  cup  (Fig.  61 ), 

213.  Hiuge-Jointa  are  single  or  double.  lu  the  former 
case,  the  nearly  eylindrical  head  of  one  bone  fits  into  a 
corresponding  EOcket  of  the  other.  In  this  form  of  hinge- 
joint  the  only  motion  possible  is  in  the  direction  of  a  plane 
perpendicular  to  the  axis  of  the  cylinder,  just  aa  a  door  can 
only  be  made  to  move  round  an  axis  passing  through  its 
hinges.  The  elbow  ia  the  best  example  of  this  joint  in 
the  human  body,  but  the  movement  here  is  limited,  because 
the  olecranon,  or  part  of  the  ulna  which  rises  up  behind 
the  humerus,  prevents  the  arm  being  carried  back  behind 
the  straight  line ;  the  arm  can  thus  be  bent  to,  or  straight- 
ened, but  not  bent  back  (Pig.  62).  The  knee  and  ankle 
present  less  perfect  specimens  of  a  single  hinge-joint, 

A  double  hinge-joint  ie  one  in  which  the  articular  sur- 
face of  each  bone  is  concave  in  one  direction,  and  convex 
in  another,  at  riglit  angles  to  the  former.  A  man  seated  in 
a  saddle  is  "  articulated  "  with  the  saddle  by  such  a  joint. 
For  the  saddle  is  concave  from  before  backwards,  and  con- 
vex from  side  to  aide,  while  the  man  presents  to  it  the 
concavity  of  his  legs  astride,  from  side  to  side,  and  the 
convexity  of  his  seat,  from  before  backwards. 

The  metacarpal  bone  of  the  thumb  is  articulated  with 
the  bone  of  the  wrist,  called  trapezium,  by  a  double  hinge- 

214.  Pivot-Jniiit& — A  pivot-joint  is  one  in  which  one 
bone  furnishes  an  axis  or  pivot,  on  which  another  turns; 
or  itself  turns  on  its  own  axia,  resting  on  another  bone.  A 
remarkable  example  of  the  former  arrangement  is  afforded 
by  the  atlaa  and  axis,  or  two  uppermost  vertcbrw  of  the 
neck  (Figs.  63,  64),  The  axis  possesses  a  vertical  peg,  the 
so-called  odontoid  process  {b),  and  at  the  base  of  the  peg  are 
two,  obliquely -placed,  articular  surfaces  (a).  The  atlas  is 
n  ring-like  bone,  with  a  massive  thickening  on  each  side. 
The  inner  side  of  the  front  of  the  ring  plays  round  the 
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neck  of  the  odontoid  peg,  and  tbe  under  aurToces  of  the 
lateral  masses  glide  over  the  articular  faces  on  each  side 
of  the  bu5e  of  the  peg.  A  strong  ligament  passes  between 
the  inner  sides  uf  the  two  lateral  masses  of  the  atlas,  and 
keeps  the  binder  side  of  the  neck  of  the  odontoid  peg 
t  its  place  (Fig.  63).  By  this  arrangement,  the  atlas  is 
enabled  to  rotate  through  a  considerable  angle  either  way 
upon  the  axis,  without  any  danger  of  falling  forwards  or 
backwards — accidents  which  would  immediately  destroy 
life  by  crushing  the  spinal  n 
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The  lateral  masses  of  tbe  atlas  have,  on  their  upper 
foces,  concavities  (Fig.  63,  a)  into  which  the  two  oon- 
!x,  occipital  condyles  of  the  skull  fit,  and  in  which  they 
play  upward  and  downward.  Thus  the  nodding  of  the 
head  is  effected  by  the  movement  of  the  skull  upon  the 
atlas ;  while,  in  turning  the  head  from  side  to  side,  the 
ekult  docs  not  move  upon  the  atlas,  but  the  atlas  slides 
round  tbe  odontoid  peg  of  the  asis  vertebra. 

ITie  second  kind  of  pivot-joint  is  seen  in  the  forearm. 

If  the  elbow  and  forearm,  as  far  as  the  wrist,  are  made  to 

^K      rest  upon  a  table,  and  the  elbow  is  kept  firmly  fixed,  the 

^H    band  can  nevertheless  be  freely  rotated  so  that  either  the 

^K   palm,  or  the  back,  is  turned  directly  upwards.     When  the 
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palm  is  turned  upwards,  the  attitude  is  called  supination 
{Fig,  65);  when  the  h&ck,  pronation  (Fig.  66). 

The  foreann  is  composed  of  two  bones ;  odc,  the  -uina, 
which  articulates  with  tho  humerus  at  the  elbow  by  the 
hingc-joiut  already  described,  in  such  n  inatiner  that  it  can 
move  only  in  flexion  and  extension  (see  216),  and  has  no 
power  of  rotation.  Hence,  when  the  elbow  and  wrist  are 
rented  on  a  table,  this  bone  remains  unmoved. 

But  the  other  bone  of  the  forearm,  the  radiut,  has  its 


small  upper  end  shaped  like  a  very  shallow  cup  with  thick 
edges.  The  hollow  of  the  cup  articulates  with  a  sphe- 
roidal  surface  furnished  by  the  humerus ;  the  lip  of  the 

L     cup,  with  a  concave  depression  on  the  side  of  the  ulna. 

^^        The  large  lower  end  of  the  radius  bears  the  hand,  and 
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has,  on  the  side  uext  the  ulna,  a  concave  surface,  which 
articulates  with  the  convex  side  of  the  aniaU  luwer  end  of 
that  boDe. 

Thus  the  upper  end  of  the  radius  turns  on  the  double 
surface,  furnished  to  it  by  the  pivot-like  bait  of  the  hume- 
rus, and  the  partial  cup  of  the  ulna  :  while  the  lower  end 
of  the  radius  can  rotate  round  the  surface  furnished  to  it 
by  the  lower  end  of  the  ulna. 

In  supination,  the  radius  lies  parallel  with  the  ulna, 
with  its  lower  end  to  the  outer  side  of  the  ulna  (Fig.  G5). 
In  pronation,  it  is  made  to  turn  on  its  own  axis  above, 
and  round  the  ulna  below,  until  its  lower  half  crosses  the 
ulna,  and  its  lower  end  lies  on  the  inner  side  of  the  ulna 
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and-socket  joints,  strong  fibrous  capsules  which  surround 
the  joint  on  all  sides.  In  hinge-jotnts,  on  the  other  hand, 
the  ligamentous  tissue  is  chiefly  accumulated,  in  tbe  form 


ELEMENTARY   PHYSIOLOGY. 


of  lateral  ligaments,  at  the  sides  of  Uie  joints.  In  some 
cases  ligaments  are  placed  within  the  joints,  as  in  the 
knee,  where  the  hundles  of  fibres  which  cross  obliquely 
between  the  femur  and  the  tibia  are  called  crucial  liga- 
ments ;  or,  as  in  tlie  hip,  where  the  round  ligament  jiasses 
from  the  bottom  of  the  soeket  or  acetabulum  of  the  pelvis 
U3  the  ball  furnished  by  the  head  of  the  femur  (Fig,  61), 

Again,  two  ligaments  pass  from  the  apex  of  the  odon- 
toid peg  to  either  side  of  the  margins  of  the  occipital  fora- 
men, i.  e.,  the  large  hole  in  the  base  of  the  skull,  through 
which  the  spinal  cord  passes  to  join  the  brain ;  these,  from 
their  function  in  helping  to  stop  excessive  rotation  of  the 
skull,  are  called  check  ligaments  (Fig.  67,  a). 

In  one  joint  of  the  body,  the  hip,  the  socket  or  acetabu- 
lum (Fig.  61)  fits  so  closely  to  the  head  of  the  femur,  and 
the  capsular  ligament  so  completely  closes  its  cavity  on  all 
sides,  that  the  preasore  of  the  air  must  be  reckoned  among 
the  causes  which  prevent  dislocation.  This  has  been  proved 
e  I  peri  men  tally  by  boring  a  hole  through  the  floor  of  the 
acetabulum,  so  as  to  admit  air  into  its  cavity,  when  the 
thigh-bone  ut  once  falls  as  far  as  the  round  and  cap- 
sular ligaments  will  permit  it  to  do,  showing  thai  it  was 
previously  pushed  close  up  liy  the  pressure  of  the  eiter- 

316.  The  Tarlons  HovementB  of  Jointt. — The  different 
kinds  of  movement  which  the  levers  thus  connected  are 
capable  of  performing,  are  called  flexion  and  extenHon  y 
aiductioji  and  adduction  ;  rotation  and  circumduction. 

A  limb  is  flexed,  when  it  is  bent ;  extended,  when  it  is 
straightened  out.  It  is  abducted,  when  it  is  drawn  away 
^m  the  middle  line ;  adducted,  when  it  is  brought  to  the 
middle  line.  It  is  rotated,  when  it  is  made  to  turn  on  its 
own  axis ;  circumducted,  when  it  is  made  to  describe  a 
conical  surface  by  rotation  round  an  imaginary  axis. 

No  part  of  the  body  is  capable  of  perfect  rotation  like 
a  wheel,  for  the  simple  reason  that  such  motion  would 
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Dpcessarily  tear  ul]  tbe  vessels,  nerves,  muscles,  etc.,  which 
unite  it  with  other  parts. 

217.  How  the«  Movements  are  effected.  —  Any  two 
bones  united  by  a  joint  may  be  moved  one  upon  another 
in,  at  fewest,  two  different  directions.  In  the  ease  of  a  pure 
hinge-joint,  these  directions  must  be  opposite  and  in  the 

.me  plane;  but,  in  all  other  joints,  the  movements  may 
!  in  several  directions  and  in  various  planes. 
In  tbe  case  of  a  pure  hinge-joint,  the  two  practicable 
morements — viz.,  flexion  and  extension — may  be  effected 
by  means  of  two  muscles,  one  for  cither  movement,  and 
nmning  from  one  bone  to  the  other,  but  on  opposite  sides 
of  the  joint..  When  either  of  these  muscles  contracts,  it 
vill  pull  its  attached  ends  together,  and  bend  or  straighten, 
&a  the  case  may  be,  tlie  joint  towards  the  side  on  which  it 
is  placed.  Thus  at  the  elbow-joint  there  is,  in  front  of  the 
joint,  the  biceps  muscle,  running  from  the  arm  to  tlie  fore- 
0  {St.,  Fig.  (13) ;  when  this  contmcta  it  pulls  its  two 
ends  together,  and  so  flexes  the  forearm  on  the  arm.  At 
the  back  of  the  joint  there  is  the  triceps  {Tr.);  wlien  this 
contracts,  it  straightens  or  extends  the  forearm  on  the  arm. 
In  the  other  extreme  form  of  articulation — the  ball-and- 
socket  joint — movement  in  any  number  of  planes  may  be 
effected,  by  attaching  muscles  in  corresponding  number 
and  direction,  on  the  one  hand,  to  the  bone  which  affords 
the  socket,  and,  on  the  other,  to  that  which  furnishes  the 
head.  Circumduction  will  be  effected  by  the  combined  and 
iccessive  eontraetion  of  these  muscles. 

218.  Tendoiu  and  their  Fnnctions. — It  usually  happens 
that  the  bone  to  which  one  end  of  a  muscle  is  attached  b 
absolutely  or  relatively  stationary,  while  that  to  which  the 
other  is  fixed  is  movable.  In  this  case,  the  attachment  to 
the  stationary  bone  is  termed  the  orii/in,  that  to  the  mov 
able  bone  the  insertion,  of  the  muscle. 

The  fibres  of  muscles  are  sometimes  fixed  directly  into 
the  parts  which  serve  as  their  origins  and  insertions  ;  but, 
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more  commonly,  strong  cords  or  bands  of  fibrous  tissue, 
called  tendons,  are  interposed  between  tlie  muscle  proper 
and  its  place  of  origin  or  insertion.  When  the  tendons 
play  over  hard  surfaces,  it  is  usual  for  them  to  be  sepa- 
rated from  these  surfaces  by  sacB  containing-  fluiil,  which 
are  called  bursts/  or  even  to  be  invested  by  synovial 
Bheatha,  i.  e.,  quite  covered  for  some  distance  by  a  syno- 
vial bag  forming  a  double  sheath  very  much  in  the  same 
way  that  the  bag  of  the  pleura  covers  the  lung  and  the 
chest- wall. 

Usually,  the  direction  of  the  axis  of  a  muscle  is  that  of 
a  straight  line  joining  its  origin  and  its  insertion.  But  in 
some  muscles,  as  the  superior  oblique  mttsvle  of  the  eye, 
the  tendon  passes  over  a  pulley  formed  by  ligament,  and 
completely  changes  its  direction  before  reaching  its  inser- 
tion.    [See  2S5). 

Again,  there  are  muscles  which  are  fleshy  at  each  end, 
and  have  a  tendon  in  the  middle.  Such  muscles  are  called 
digastric,  or  two-belHed.  In  the  curious  muscle  which 
pulls  down  the  lower  jaw,  and  specially  receives  this  name 
of  diffaslric,  the  middle  tendon  runs  through  a  pulley  con- 
nected with  the  hyoid  bone ;  and  the  muscle,  which  passes 
downwards  and  forwards  from  the  skull  to  this  pulley,  after 
traversing  it,  runs  upwards  and  forwards,  to  the  lower  jaw 
(Fig.  68). 

SEcnoN  III. — Movements  of  Locomotion. 
219.  Walhing. — We  may  now  pass  from  the  considera- 
tion of  the  mechanism  of  mere  motion  to  that  of  locomo- 

When  a  man  who  is  standing  erect  on  both  feet  prr- 
eeeds  to  viaik,  beginning  with  the  right  leg,  the  body  is 
inclined  so  as  to  throw  the  centre  of  gravity  forward;  and, 
the  right  foot  being  raised,  the  right  leg  is  advanced  for 
the  length  of  a  step,  and  the  foot  is  put  down  again.  In 
the  mean  while,  the  left  heel  is  raised,  but  the  toes  of  the 
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left  foot  have  not  left  the  ground  when  the  right  foot  bw 
reached  it,  so  that  there  is  no  moment  at  which  both  feet 
are  off  the  grouniL  For  au  instant,  (be  legs  form  two 
eidea  of  an  e<juilateral  triangle,  and  the  centre  of  the  body 
is  con  sequent!  y  lower  than  it  was  when  the  l^s  were  par- 
allel and  close  together. 

The  left  foot,  however,  has  not  been  merely  dialled 
away  from  its  first  position,  but  the  muscles  of  the  cal^ 
having  come  into  play,  act  upon  the  foot  as  a  lever  of  the 
second  order,  and  thrust  the  body,  the  weight  of  which 
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retl.  Upgsly  on  the  left  astragilus,  upwardi,  forward.,  and 
to  the  nghl  aide.  The  momentoni  thus  communioated  to 
the  body  cauaea  it,  mth  the  whole  right  leg,  to  de«^be  an 
are  o.cr  the  nght  aatragalas,  on  whieh  that  leg  reals  below. 
The  centre  of  the  bod,  eonaequently  rise,  to  ita  former 
he.ght  aa  the  nght  leg  become.  Terticl,  ,„d  deaecnd. 
again  a.  the  right  kg,  in  ita  turn,  incline,  forwu^. 

men  the  left  foot  ha.  left  the  ground,  the  body  i.  aup. 
poned  on  the  nght  leg,  and  i.  well  in  .dva„„  of  the  left 

left  foot  awmg.  forward  Ike  a  pendul„„,  „j  ,,  ,^^  fc. 
It.  own  momentum  beyond  the  right  f™,  ,  '' """."' 
1.  rtieh  i.  „„p!ete.  the  »eond  .Lp.  ^^  '°  """  '^'"° 
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230.  Economy  of  Force  in  Walking. — When  tlic  inter- 

Tab  of  the  steps  are  no  timed  that  each  swinging  leg  cornea 
forward  iuto  position  for  a  new  atop  without  any  exertion 
on  the  part  of  tbo  walker,  walking  is  effected  with  the 
greatest  possible  economy  of  force.  And,  as  the  swinging 
leg  is  a  true  pendulum — the  time  of  vibration  of  which  de- 
pends, other  things  being  alike,  upon  its  length  (short 
pendulums  vibrating  more  quickly  than  long  ones) — it  fol- 
lows that,  on  the  average,  the  natural  step  of  short-legged 
people  is  quicker  thau  that  of  long-legged  ones. 

221.  Smming  and  Jumping^.  —  In  running,  there  is  a 
period  when  both  legs  arc  off  the  ground.  The  legs  are 
advanced  by  muscular  contraction,  and  the  lever  action  of 
each  foot  is  swift  and  violent.  Indeed,  the  action  of  each 
leg  resembles,  in  violent  running,  that  which,  when  both 
legs  act  titgether,  constitutes  njump,  the  sudden  extension 
of  the  tegs  adding  to  the  impetus,  which,  in  slow  walking, 
is  given  only  by  the  feet. 

Section  IV. —  Vocal  Movements. 

222.  CtmditioiiB  of  the  Frodnction  of  Voice.  —  Perhaps 
the  most  singular  motor  apparatus  in  the  body  is  the 
larynx,  by  the  agency  of  which  voice  is  produced. 

The  essential  conditions  of  the  production  of  the  human 

voice  are : 

a.  The  existence  of  the  so-called  vocal  chorda, 

h.  The  parallelism  of  the  edges  of  these  chords,  without 

which  they  will  not  vibrate  in  such  a  manner  as  to  give 

out  sound. 

c.  A  certain  degree  of  tightness  of  the  vocal  chords, 
without  which  they  will  not  vibrate  quickly  enough  to 
produce  sound. 

d.  The  passage  of  a  current  of  air  between  the  parallel 
edges  of  the  vocal  chords  of  suflScient  power  to  set  the 
chords  vibrating, 

223.  The  Larynx,— The  larynx  is  a  short  tubuli 
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opening  above  into  the  bottom  of  the  pharyns,  and  below 
into  the  top  of  tie  trachea.  Its  framework  is  supplied  by 
certain  cartilages  more  or  less  movable  on  each  other,  and 
these  are  connected  together  by  joints,  membranes,  and 
muBcles.  Across  the  middle  of  the  laryns 
partition,  formed  by  two  folds  of  the  lining  r 
brane,  stretching  from  either  aide,  but  not  quite  meeting 
in  the  middle  line.     They  thus  leave,  in  the  middle  line,  s 


DIurnm  of  thE  laryni.  Ibf  tbyroM  onllaso  ( Thi  1 
UMl  (UowiDg  ttao  rlgbt  arjIeaiAa  iwtlligc  iAr.\  TC 
notdmoKlelT^XI.  tbe  nppcT  put  or  Itafl  crIiMJd  ri 
if  tbs  ([riglMUi (ii>.),  to  lie  teai;  ClL,  tho  right 


Bg  inpnoHid  to  be  Dhij 
]  ohonls  I  V.\  uid  ihyro' 
iliff  iCrX  mi  ttao  iClic 
rhai-tbyrold  miucle ;  I\ 


chink  or  slit,  running  from  the  front  to  the  back,  called 
the  glottis.  Tlie  two  edges  of  this  slit  are  not  round  ond 
flabby,  but  sharp  and,  so  to  speak,  clean  cut ;  they  are  also 
strengthened  by  a  quantity  of  elastic  tissue,  the  fibres  of 
which  are  disposed  lengthways  in  tliem.  These  sharp  free 
edges  of  the  {flotlU  are  the  so-called  vomI  chords  or  vocal 
ligamenta. 

224.  The  Cartdlagea  of  the  Larynx.  —  Tlie  thyroid  cat- 
dlage  (B'ig.  69,  Tk.)  is  a  broad  plate  of  gristle  bent  upon 
itself  into  a  Y-shape,  and  so  disposed  that  the  point  of  the 
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V  is  turned  forwards,  and  constitutes  what  is  commonly 
called  "Adam's  apple,"  Above,  the  thyroid  cartilage  ia 
attached  by  ligament  and  membrane  to  the  hyoid  bone 
(Fig.  G9,  Si/.).  Below  and  behind,  its  brood  sides  are  \ 
produced  into  little  elongations  or  liomB,  which  are  articu- 
lated by  ligaments  with  the  outside  of  a  great  ring  of  oar*  | 
titage,  the  cricoid  (Fig.  69,  Cr.),  which  forms,  as  it  were, 
the  top  of  the  windpipe. 

The  cricoid  ring  is  much  higher  behind  than  in  front, 
and  a  gap,  filled  up  by  membrane  only,  is  left  between  its 


Sp.,  mlglorai;  Ti^  UiTmld  artilHTo:  a.  cutIUiw  ailed  Oe  muMcIw  ■>/  tory— 
•bayB  Ibe  Tool  ilauqaou  (  K.  >  ^  •  Uic  ri^bl  Uiyra-aryWiiDld  mniele  cut  laroHi  O, 
the  cricoid  uvtUii^D. 

upper  edge  and  the  lower  edge  of  the  front  part  of  the 
thyroid,  when  the  latter  is  horizontal.  Consequently,  the 
thyroid  cartilage,  turning  upon  the  articulations  of  its 
horns  with  the  hinder  part  of  the  cricoid,  as  upon  binges, 
can  be  moved  up  and  down  through  the  space  occupied  by 
this  membrane.     When  it  moves  downwards,  the  distance 
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between  the  front  part  of  the  thyroid  cartilage  and  the 
beck  of  the  cricoid  is  necessarily  increased ;  and,  wlien  it 
moves  back  again  to  the  horizontal  position,  diminished. 
There  is,  on  each  side,  a  large  muscle,  the  crico-t/iyroid, 
which  passes  from  the  outer  side  of  the  cricoid  cartilage 
obliquely  upwards  and  backwards  to  the  thyroid,  and  pulls 
the  hitter  down  (Fig.  69,  C.th.). 

Perched  side  by  aide,  upon  the  upper  edge  of  the  back 
part  of  the  cricoid  cartilage  are  two  small  irregularly- 
shaped  but,  roughly  speaking,  pyramidal  cartilages,  the 
arytenoid  cartilages  {Fig.   71,  Aiy.).    Bach  of  these  is 


ra.,  Itie  Ihynifit  Mrtil»?o;  O^  Ujo  prtoold  eirtOigr;  V.,  _, 

U^nmiBl*  boundtuir  Uid  trloMi;  .Irj/..  ilia  uyl'sold  carUkgiw:  T'A.J,  Uiyro-urtB- 
MU:  I7.aj.,l«l«mi  crlco-wjleDoW;  (I'lji^poiterlororieo-Myteiiold;  Jrjn,  pmrterior 
tijUaM  miucloi, 

articulated  by  its  base  with  the  cricoid  cartilage  by  means 
of  a  shallow  joint  which  permits  of  very  varied  movements, 
and  especially  allows  the  front  portions  of  the  two  aryte- 
noid cartilages  to  approach,  or  to  recede  from,  each  other. 
226.  Attaetament  of  the  Tocal  Ligaments.— It  is  to  the 
fore  port  of  one  of  these  arytenoid  cartilages  that  the  hinder 
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end  of  each  of  the  two  vocal  ligaments  is  fastened;  and    ' 
they  Btretch  from  these  points  horizontally  across  the  cav- 
ity of  the  larynx,  to  be  attached,  close  together,  in  the 
reentering  angle  of  the  thyroid  cartilage  rather  lower  than 
half-way  between  its  top  and  bottom. 

226.  The  Maaoles  of  the  Larynx.— Now,  when  the  aryl^ 
enoid  cartilagi?s  diverge,  as  they  do  when  the  larynx  is  in 


Fig  T3.— view  or  [he  humu  hryoi  from  >1»vii «  nctually  eoen  by  Mie  tU  of  1^ 
DptmiaanL  aUlal  Uie  loiriMrcHcope. 

¥\g.  ra.— In  IbB  coodltion  wlieo  toIpo  In  behiB  prodnwn 

;v" 


it  wlwD  DD  Td»  ti  iirodiuwd. 
bpMoUla  (IMwbortfmcd). 
p.  tEd  Tool  oboTdi. 
Djt.  The  w-erUlad  Uta  tooiI  chordH,  Iblila  of  niar-i 


Blentlon  anHI  by  th 
P.  ElanUont  oanHd  by 


LSdUd  with  the  uyteDoMl. 


a  state  of  rest,  it  is  evident  that  the  aperture  of  the  glott's 
will  be  V-shaped,  the  point  of  the  V  being  forwards,  and 
the  base  behind. 

For,  in  front,  or  in  the  angle  of  the  thyroid,  the  two 
vocal  ligaments  arc  fastened  permanently  close  together, 
whereas,  behind,  their  extremities  will  be  separated  as  lax 
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as  the  arytenoids,  to  wliicb  they  are  attachod,  are  sepa- 
rated  from  each  other.  Under  these  circumstances  a  cur- 
rent of  air  passing  through  the  glottis  produces  no  sound, 
the  parallelism  of  the  vocal  chords  being  wanting ;  whence 
it  is  that,  ordinarily,  expiration  and  inspiration  take  place 
quietly.  Passing  bom  one  arj-tenoid  cartilage  to  the 
other,  at  their  posterior  surfaces  are  certain  muscles  called 
the  posterior  arytenoid  (Fig. 'HI,  Ar.p.).  There  are  also  two 
sets  of  muscles  connecting  each  arj-teooid  with  the  cricoid, 
and  called  from  their  positions  respectively  the  posterior 
and  lateral  crico-arytenoid  (Fig.  71,  C.a.p.,  C.a.l.).  By 
the  more  or  less  se)iarate  or  combined  action  of  these  mus- 
cles, the  arytenoid  cartilages  and,  consequently,  the  hinder 
ends  of  the  vocal  chords  attached  to  them,  may  be  made 
to  approach  or  recede  from  each  other,  and  thus  the  VOcal 
chords  rendered  parallel  or  the  reverse. 

We  have  seen  that  the  crico-thyroid  muscle  pulls  the 
thyroid  cartilage  down,  and  thus  increases  the  distance 
between  the  front,  of  the  thyroid  find  the  back  of  the 
cricoid,  on  which  the  arytenoids  are  seated.  Tliis  move- 
ment, the  arytenoids  being  Bxed,  must  tend  to  pull  out 
the  vocal  chorda  lengthways,  or,  in  other  words,  to  tighten 
them. 

Running  from  the  reentering  angle  in  the  front  part  of 
the  thyroid,  backward,  to  the  arytenoids,  alongside  the 
vocal  chords  (and  indeed  embedded  in  the  transverse  folds, 
of  which  the  chords  are  the  free  edges)  are  two  strong 
muscles,  one  on  each  side  (Fig.  71,  TTt.A.),  called  the 
thyroarytenoid.  The  effect  of  the  contraction  of  these 
muscles  is  to  pull  up  the  thyroid  cartilage  after  it  has  been 
depressed  by  the  crico-thj-roid  muscles,  and  consequently 
to  slacken  the  vocal  chords. 

Thus  the  parallelism  (b)  of  the  vocal  chords  is  deter- 
mined chiefly  by  the  relative  distance  from  each  other  of 
the  arytenoid  cartilages ;  the  tension  (c)  of  the  vocal  chorda 
is  determined  chiefly  by  the  upward  or  downward  move- 
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mcnl  of  the  thyroid  cartilage ;  and  both  these  conditions 
are  dependent  on  the  action  of  certain  muscles. 

227.  NotM— Range  and  aoality  of  Voloe, — Tlie  current 
of  air  whose  passage  seta  the  chords  vibrating  is  supplied 
by  the  movements  of  expiration,  which,  when  the  chords 
are  sufficiently  parallel  and  tense,  produce  that  musical 
note  which  constitutes  the  voice,  but  otherwise  give  rise 
to  no  audible  sound  at  all. 

Other  things  being  alike,  the  musical  note  will  be  low 
or  high,  according  as  the  vocal  chords  are  relaxed  or  tigfat- 


JtoXI . 

npnwenla  tb*  thvra-nrj'teiiold  mi 
\nn  arer  «  hcodq  pullay  ta  lh«  v 
BbvteDi  Uuc,  wben  the  bai  (i  c)  I 


wlUi  tbta  roiu  &  cord  Ikfltened 
igoveripntleyloUiewBlrtt  B.  ThUl 
LiUdtaHl  lo  U»  inlddta  ntbctni  pue- 
veflts  the  crico-Uiyrold  mtucle.    It  ks 


ened ;  and  this  again  depends  upon  the  relative  predomi- 
nance of  the  contraction  of  the  crico-thyroid  and  thyro- 
arytenoid muscles.  For  when  the  thyro-arytenoid  muscles 
are  fully  contracted,  the  thyroid  cartilage  will  be  pulled  up 
as  far  as  it  can  go,  and  the  vocal  chords  will  be  rendered 
relatively  las ;  while,  when  the  crico-thyroid  muscles  are 
fully  contracted,  the  thyroid  cartilage  will  be  depressed 
much  OS  possible,  and  the  vocat  chords  will  be  made 
tense. 


ressed  as  ^Hl 

ide  more         ^H 
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The  range  of  any  voice  depends  upon  the  difference  of 
tension  which  can  be  given  to  the  vocal  chords,  in  thesG 
two  positions  of  the  thyroid  cartilage,  Accuraci/  of  sing- 
ing depends  upon  the  precision  with  which  the  singer  can 
voluntarily  adjust  the  contractioos  of  the  thyro-arytenoid 
and  crico-thyroid  muscles — 80  as  to  give  his  vocal  chords 
the  exact  tension  ut  which  their  vibration  will  yield  the 
notes  required. 

The  quality  of  a  voice — treble,  bass,  tenor,  etc — on 
the  other  hand,  depends  upon  the  make  of  the  particular 
larynx,  the  primitive  length  of  its  vocal  chords,  their  elas- 
ticity, the  amount  of  resonance  of  the  surrounding  parts. 

Thus,  men  have  deeper  notes  than  boys  and  women, 
because  their  larynxes  are  larger  and  their  vocal  chords 
longer — whence,  though  equally  elastic,  they  vibrate  less 
swiftly. 

228.  Speech. — Speeeh  is  voice  modulated  by  the  throat, 
tongue,  and  lipa.  Thus,  voice  may  exist  without  speech ; 
and  it  is  commonly  said  that  speech  may  exist  without 
voice,  as  in  whispering.  This  is  only  true,  however,  if  the 
title  of  voice  be  restricted  to  the  sound  produced  by  the 
vibration  of  the  vocal  chords ;  for,  in  whispering,  there  is 
a  sort  of  voice  produced  by  the  vibration  of  the  muscular 
walls  of  the  lips  which  thus  replace  the  vocal  chords.  A 
whisper  is,  in  fact,  a  very  low  whistle. 

2!S9.  Towel  and  Consonant  Sonndi. — ^Thc  modulation 
of  the  voice  into  speech  is  effected  by  changing  the  form 
of  the  cavity  of  the  mouth  and  nose,  by  the  action  of  the 
muscles  which  move  the  walla  of  those  parts. 

Thus,  if  the  pure  vowel  sounds — 


^'(asinA*},         A  (as 
0  (as  in  or),         0'  (aa 


a  Oh), 


A'  (as  in  ah), 
00  (as  in  cool). 


are  pronounced  successively,  it  will  be  found  that  they 
may  be  all  formed  out  of  the  sound  produced  by  a  con- 
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tinuous  expiratioD,  the  moutL  being  kept  open,  but  the 
form  of  its  aperture,  and  the  extent  to  which  the  lips  are 
thruat  out  or  dran-n  in  so  as  to  leogihen  or  shorten  the 
distance  of  the  oiifice  from  the  larynx,  being  changed  for 
each  vowel.  It  will  be  narrowest,  with  the  lipa  most 
drawn  back,  in  E,  widest  in  A',  and  roundest,  with  the 
hps  most  protruded,  in  00. 

Certiain  consonants  also  may  be  pronounced  without 
interrupting  the  current  of  expired  air,  by  modiHcation  of 
the  form  of  the  throat  and  mouth. 

Thus  the  aspirate,  H,  is  the  result  of  a  little  extra  ex- 
piratory force — a  sort  of  incipient  cough.  8  and  Z,  Sh 
and  ./■(a*  m  jugular  =  G  soft,  as  in  gfntry),  Tli,  L,  M,  F, 
V,  may  likewise  all  be  produced  by  continuous  currents  of 
air  forced  through  the  mouth,  the  shajie  of  the  cavity  of 
which  is  peculiarly  modified  by  the  tongue  and  lips. 

All  the  vocal  sounds  hitherto  noted  so  far  resemble  one 
another,  that  their  pnwluction  does  not  involve  the  stop- 
page of  the  current  of  air  which  traverses  either  of  the 
modulating  passages. 

But  the  sounds  of  M  and  iVcan  only  be  formed  by 
blocking  the  current  of  air  which  passes  through  the 
mouth,  while  free  passage  is  left  thrmigh  the  nose.  For 
Jtf,  the  mouth  is  shut  by  tlie  lips ;  for  iV,  by  the  application 
of  the  tongue  to  the  palate. 

The  other  consonantal  sounds  of  the  English  language 
are  produced  by  shutting  thepassage  through  both  nosoand 
mouth ;  and,  as  it  were,  forcing  the  expiratory  vocal  cur- 
rent through  the  obstacle  furnished  by  the  latter,  the  char- 
actor  of  which  obstacle  gives  each  consonant  its  pecu- 
liarity. Thus,  in  producing  the  consonants  S  and  P,  the 
mouth  is  shut  by  the  lips,  which  are  then  forced  open  in 
this  ea^losive  manner.  In  7'and  D,  the  mouth-passage  is 
suddenly  barred  by  the  application  of  the  tx>int  of  the 
tongue  to  the  teeth,  or  to  the  front  part  of  the  palate  ; 
while  in  JTund  G  (hard,  as  in  t/o)  the  middle  and  back  of 
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tlie  tongue  arc  similarly  forceJ  against  the  liKck  part  of  the 
palate. 

230.  Speaking-IIacluneeL — An  artificial  larynx  may  be 
constructed  by  pruptrlv  adjusting  elastic  bands,  n'liich  take 
the  place  of  tin.'  v<>oal  chords ;  and,  when  a  current  of  air  is 
forced  through  these,  due  regulation  of  the  tension  of  the 
bsnds  will  give  rise  to  all  the  notes  of  the  human  voice. 
As  each  vowel  and  consonantal  sound  is  produced  by  the 
modification  of  the  length  and  form  of  the  cavities,  whicli 
lie  over  the  natural  larynx,  so,  by  placing  over  the  artificial 
larynx  chambers  to  which  any  requisite  shape  can  be  given, 
s  letters  may  be  sounded.  It  is  by  attending  to 
these  &cts  and  principles  that  various  speaking-machines 
have  been  constructed. 

331.  ToBgneless  Speech. — Although  the  tongue  is  cred- 
ited with  the  responsibilily  of  speech,  as  the  "  unruly  mem- 
ber," and  undoubtetUy  takes  a  very  important  share  in  its 
production,  it  is  not  absolutely  indispensable.  Hence,  the 
apparently  fabulous  stories  of  people  who  have  been  en- 
abled to  speak,  after  their  tongues  had  been  cut  out  by 
I  the  cruelty  of  a  tyrant,  or  persecutor,  may  be  quite  true. 
Some  years  ago  I  had  the  opportunity  of  examining  a 
person,  whom  1  will  call  Mr.  R ,  whose  tongue  had  been 
removed  as  completely  as  a  skillful  surgeon  could  perform 
the  operation.  When  the  mouth  was  widely  opened,  the 
truncated  face  of  the  stump  of  the  tongue,  apparently  cov- 
ered with  new  mucous  membrane,  was  to  be  seen,  occupy- 
ing a  position  as  far  back  as  the  level  of  the  anterior  pil- 
lars of  the  fauces.  The  dorsum  of  the  tongue  was  visible 
with  difficulty ;  but  I  believe  I  could  discern  some  of  the 
eircumvallatc  papilla;  upon  it.  None  of  these  were  visible 
upon  the  amputated  part  of  the  tongue,  which  had  been 
preserved  in  spirits ;  and  which,  so  far  as  I  could  judge, 
was  about  two  and  a  half  inches  long. 
W  hen  hia  mouth  was  open,  Mr.  R could  advance  his 
tongue  no  farther  than  the  position  in  whicli  I  saw  it ;  but 
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he  informed  me  that,  when  his  mouth  was  shut,  the  etump   | 
of  the  tongue  could  be  brought  much  more  forward. 

Mr.  R 's  conversation  was  perfectly  intelligible ;  and 

such  words  as  think,  the,  cow,  kill,  were  well  and  clearly 
pronounced.     But  tin  became  jfny  tack,  Jack  or  pack/ 
toll,  pool  /  dog,  thog  ;  dine,  vbi£  ;  dew,  (Aew  /  cat,  catj ; 
m&d,md/;  gooee,  ffooCh  /  big,pi^,  bich,ptcA,  with  a  gut-   I 
tural  c/i. 

In  fact,  only  the  pronunciation  of  those  letters  the  for- 
mation  of  which  requires  the  use  of  the  tongue  was  af- 
fected ;  and,  of  these,  only  the  two  which  involve  the 
employment  of  its  tip  were  absolutely  beyond  Mr.  H — 
power.  He  converted  all  ('a,  and  rf '«,  into  y*,  p'a,  v^t 
th't.  Th  was  fairly  given  in  all  cases ;  s  and  «A,  I  and  r, 
with  more  or  less  of  a  lisp.  Initial  g's  and  A'«  were  good; 
but  final  g's  were  all  more  or  less  guttural  In  the  former 
case,  the  imperfect  stoppage  of  the  current  of  air  by  the 
root  of  the  tongue  was  of  no  moment,  as  the  sound  ran 
into  that  of  the  following  vowel ;  while,  when  the  letter 
was  terminal,  the  defect  at  once  became  apparent. 


CHAPTER    VIII. 


BENSATIOSS   ANIl  SEHSOKT   OBGANS. 

Section  I. — Meflex  Action — Grovps  of  SeneathnB. 

232.  Efferent  and  Afferent  Verves.— The  agent  by  which 
all  the  motor  organs  (except  the  cilia)  described  in  the  pre- 
ceding chapter  are  set  at  work,  is  muscular  6bre.  But,  in 
the  living  bodv,  muscular  fibre  is  made  to  contract  only  by 
B  change  which  takes  place  in  the  motor  or  efferent  a 
which  is  distributed  to  it.  This  change,  again,  is  effected 
only  by  the  activity  of  the  central  nervous  organ,  with 
which  the  motor  nerve  is  connected,     Tlie  central  organ  ii 


I 
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■  tiiTOwn  into  activity  ini mediately,  or  ultimately,  only  by 
I'tke  influence  of  changes  which  take  place  in  the  molecular 
I  oondition  of  nerves,  called  setisory  or  afferent,  which  are 
}  «gnnected,  on  the  ooe  band,  with  the  central  organ,  and, 
1  the  other  hand,  with  some  other  part  of  the  body. 
Finally,  the  alteration  of  the  afferent  nerve  is  itself  pro- 
duced only  by  changes  in  the  condition  of  the  part  of  the 
body,  with  which  it  is  connected ;  which  changes  usually 
result  from  external  impressions, 

233.  Conveyance  of  Holeoolar  Intpreanom. — Thus  the 
great  majority  (if  not  the  whole)  of  the  movements  of  the 
body  and  of  its  parts,  are  the  effect  of  an  influence  (tech- 
nically termed  a  stimulus  or  in-itation)  applied  directly,  or 
indirectly,  to  the  ends  of  afferent  nerves,  and  giving  rise  to 

»B  molecular  change,  which  is  propagated  along  their  aul> 
stance  to  the  central  nervous  organ  with  which  they  are 
connected.  The  molecular  activity  of  the  afferent  nerve 
communicates  itself  to  the  central  organ,  and  is  then  trans- 
mitted along  the  motor  nerves,  which  pass  from  the  central 
organ  to  the  muscles  affected.    And,  when  the  disturbance 

»ln  the  molecular  condition  of  the  efferent  nerves  readies 
tlieir  extremities,  it  is  communicated  to  the  musculur 
fibres,  and  causes  their  particles  to  take  up  a  new  position, 
so  that  each  fibre  shortens  and  becomes  thicker. 

234.  Heflez  Action.  Sensations  and  Conaciooanesi. — 
Such  a  series  of  molecular  changes  as  that  just  described 

I  is  called  a  reflex  action — the  disturbance  caused  by  the 
irritation  being  as  it  were  reflected  back,  along  the  motor 
nerves,  to  the  muBcles. 
A  refles  action,  strictly  so  called,  takes  place  without 
our  knowing  any  thing  about  it,  and  hundreds  of  such 
actions  are  going  on  continually  in  our  bodies  without  our 
being  aware  of  them.  But  it  very  frequently  happens  that 
we  learn  that  something  is  going  on,  when  a  stimulus 
affects  our  afferent  nerves,  by  having  what  we  call  a  feel- 
inff  or  sensation.   We  class  sensations  along  with  emotionSf 
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^_  Doara,  : 

^m  or  even 

^^        Up  to  I 


and  volilions,  and  thougfiU,  under  the  common  head  of  \ 
gtates  of  coniciousntM.  But  what  conEciousnesa  ia,  vre  | 
know  not;  and  how  it  is  that  any  thing  so  remaricable  s 
a  state  of  consciousneaa  comea  about,  as  the  result  of  im-  I 
tating  nervous  tissue,  is  just  as  unaccountable  as  any  other  I 
ultimate  fact  of  Nature. 

236.  Sabjective  Bentatiou. — Sensations  are  of  very  r 
rious  degrees  of  definiteness.    Some  arise  within  ourselves,  I 
we  know  not  how  or  where,  and  remain  vague  and  unde- 
finable.     Such  are  the  sensations  of  uncomjbrtadleneta,  or  j 
Jitinlnesa,  oi  fatigue,  or  of  restlessness.     We  cannot  assign  ] 
any  particular  place  to  these  sensations,  which  are  very  ] 
probably  the  result  of  affections  of  the  afferent  nerves  ia  1 
general  brought  about  by  the  state  of  the  blood,  or  that  1 
of  the  tissues  in  which  they  arc  distributed.     And  how- 
eifer  real  these  sensations  may  be,  and  however  largely  ] 
they  enter  into  the  sum  of  our  pleasures  and  pains,  they 
tell  us  absolutely  nothing  of  the  external  world.     They  I 
are  not  only  (lijfiise,  but  they  are  also  aul>jective  set 

236.  The  UmcQlaT  Sense. — What  is  termed  the  mu»-  J 
cuiar  sense  is  less  vaguely  localised  thnn  the  preceding, 
though  its  place  is  still  incapable  of  being  very  accurately 
defined.  This  muscular  sensation  is  the  feeling  of  resist-  J 
ance  which  arises  when  any  kind  of  obstacle  is  opposed  to  1 
the  movement  of  the  body,  or  of  any  part  of  it ;  and  it  ia  4 
something  quite  different  from  the  feeling  of  contact  or  I 
even  of  pressure. 

Lay  one  hand  flat  on  its  back  upon  a  table,  and  rest  a 
disk  of  card-board  a  couple  of  inchrs  in  diameter  upon  the 
ends  of  the  outstretched  fingers  ;  the  only  rcault  will  be  a 
sensation  of  contact — the  pressure  of  so  light  a  body  being 
inappreciable.  But  put  a  two-pound  weight  upon  the  card- 
board, and  the  sensation  of  contact  will  be  accompanied, 
or  even  obscured,  by  the  very  different  feeling  of  pressure. 
Up  to  this  moment  the  fingers  and  arm  have  rested  upon 
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the  table ;  but  now  let  the  hand  bo  niiaed  from  the  table, 
and  another  new  feeling  wiU  make  its  appearance — that 
of  reeistance  to  effort.  This  feeling  comes  into  existence 
with  the  exertion  of  the  muscles  which  raise  the  arm,  and 
b  the  consciousness  of  that  exertion  given  to  ua  by  the 
muscular  sense. 

Any  one  who  raises  or  carries  a  weight,  knows  well 
enough  that  he  has  this  sensation  ;  but  he  may  be  greatly 
puzzled  to  say  where  he  has  it.  Nevertheless,  the  sense 
itself  is  very  delicate,  and  enables  us  to  form  tolerably 
accurate  judgments  of  the  relative  intensity  of  resistances. 
Persons  who  deal  in  articles  sold  by  weight  are  constantly 
enabled  to  form  very  precise  estimates  of  the  weight  of 
such  articles,  by  balancing  them  in  their  hands ;  and,  in 
this  case,  they  depend  in  a  great  measure  upon  the  mus- 
cular sense. 

237.  The  Higher  Semes. — In  a  third  group  of  sensa- 
tions, each  feeling,  as  it  arises,  ia  assigned  to  a  definite 
part  of  the  body,  and  is  produced  by  a  stimulus  applied  to 
that  part  of  the  body ;  but  the  bodies,  or  forces,  which  are 
competent  to  act  as  stimuli,  are  very  various  in  character. 
Such  are  the  sensations  of  touch,  which  ia  restricted  to  the 
integument  covering  the  surface,  and  to  some  portions  of 
the  membranes  lining  the  internal  carities  of  the  body ; 
and  of  taete  and  smeit,  whicli  are  similarly  confined  to 
certain  regions  of  the  raucous  membrane  of  the  mouth  and 
nasal  cavities. 

Any  portion  of  the  body  to  which  a  sensation  is  thus 
restricted  is  called  n  sensory  organ. 

And  lastly,  in  a  fourtli  group  of  sensations,  each  feeling 
requires  for  its  production  the  application  of  a  single  kind 
of  stimulus  to  a  very  speoi ally-modified  part  of  the  integu- 
ment. Tlie  latter  serves  as  an  intermediator  between  the 
physical  agent  of  the  sensation  and  the  sensory  nen-e, 
which  is  to  convey  to  the  brain  the  impulse  necessary  to 
awake  in  it  that  state  of  consciousness  which  we  call  the 
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smsfttkin.  Sucti  m  Ibc  smntions  of  tiyht  and  hearing.  1 
Tbr  pbvsic*]  agvuts  witii'ti  flui  aloDe  KWAkeo  these  sensor  { 
twnA  (under  uatural  cinrumstMKvs)  *ie  light  and  sound. 
The  niixMeit  [Mrts  ttf  ibe  tDtegumeDt,  wbUh  idone  are  I 
c(inipot»nt  tu  mieiiDedtBie  beiwren  ifaese  agents  and  tho  | 
IH-ITM  of  sight  ami  bMuriui;,  an*  Uw  tyt  and  the  ear. 

S9&.  0«B«tl  PUa  of  ft  SaOMfj  Olgmn. — In  every  aea- 
KMTV  orj^ti  it  is  nvCf#Niry  to  distinguish  the  terminal  ex- 
pMMtKMi  ivf  the  affvn-nl  <.tr  scnHirr  nerre,  and  the  structures 
wtui-h  iutiTUKxltati'  bflween  this  expaitsicn  and  the  phys-  | 
ic«t  ap-nt  whit-h  givw»  rLnr  tu  iho  sensation. 

And  in  oaoh  gnxiji  vd  sfwvwl  stnsations  there  are  cep- 
tein  pbniomena  which  arts**  out  of  the  structure  of  tlie 
OTfptn,  sik)  otltrrs  whioh  ivsult  bom  the  operation  of  the 
central  appsmtiis  of  ihtf  ii(?r\-ous  system  upon  the  materials 
nipplied  to  il  \\y  iite  sensory  or^n. 

Sst-noN  11.—  7^.«<A.  ru*/(t,  and  SmeU 
S38.  Xh»  9tam  of  Tonsh. — The  sense  of  Touch  {in- 
dtiding  Uutt  of  bo«t  and  cold)  is  possessed,  more  or  leu 
acutely,  hjr  all  pkrts  of  ibe  ttve  surface  of  the  bod;^,  and 
by  tbe  walls  of  the  mouth  and  nasal  passag«&. 

Whatever  part  possesses  this  sense  consists  W  a  mem- 
bi«ne  (integunientarr  or  raucous)  composed  of  a  deep  layer 
made  up  of  fibrous  tissue,  containing  a  (npillaiy  netwoilc 
and  the  ultimate  terminations  of  tbe  sensory  nerves;  and 
of  a  super6cia]  layer  consisting  of  cpitfaeliul  or  epidermic 
cells,  among  which  are  no  vessels. 

^Vberever  tbe  sense  of  touch  is  delicate,  the  deep  layer 
is  not  a  mere  fUt  expansion,  but  is  raised  up  into  multi- 
tudes of  small,  closeflct,  cooical  elevations  (««  Fig.  40), 
which  are  called  papiltte.  la  the  skin,  the  coat  of  epithe- 
lial or  epidermic  cells  does  not  follow  tbe  contour  of  tl»ese 
papule,  but  dips  down  between  them  and  forms  a  toler- 
ably even  coat  over  them.  Thus,  the  points  of  the  papiltie 
are  much  nearer  the  surface  than  tbe  general  plane  of  the 
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deep  layer  wlience  these  papilla?  proceed.  Loops  of  vessels 
enter  the  papillie,  and  the  fine  ultimate  termioations  of 
the  sensory  nerve-fibres  distributed  to  the  skin  termiDate  in 
them,  but  in  what  way  has  not  been  thoroughly  made  out. 

In  certain  cases,  the  delicate  fibrous  sheath,  or  neuri- 
lemma, of  the  nerve,  which  enters  the  papiUa,  enlarges  in 
the  papilla  into  on  ova!  swelling,  which  is  called  a  tactile 
corpuscle  {see  357).  These  corpuscles  are  found  in  the 
papilla;  of  tliofie  localities  which  are  endowed  with  a  very 
delicate  sense  of  touch,  as  in  the  tips  of  the  fingers,  the 
point  of  the  tongue,  etc. 

240.  Fnnctiona  of  Epithelium. — It  is  obvious,  from  what 
has  been  said,  that  no  direct  contact  takes  place  between 
a  body  which  is  touched  and  the  sensory  nerve — a  thicker 
or  thinner  layer  of  epithelium,  or  epidcnnis,  being  situated 
between  the  two.  In  fact,  if  this  layer  is  removed,  as 
when  a  surface  of  the  skin  has  been  blistered,  contact  with 
the  raw  surface  gives  rise  to  a  sense  of  pain,  not  to  one  of 
touch  properly  so  called.  Thus,  in  touch,  it  is  the  epider- 
mis, or  epithelium,  which  is  the  intermediator  between  the 
nerve  and  the  physical  agent,  the  external  pressure  being 
transmitted  through  the  horny  cells  to  the  subjacent  ends 
of  the  nerves,  and  the  kind  of  impulse  thus  transmitted 
must  be  modified  by  the  thickness  and  character  of  the 
cellular  layer,  no  less  than  by  the  forms  and  number  of  the 
papilla;. 

841,  YarjiJig  Tactile  Sensibility. — Certain  very  curious 
phenomena  appertaining  to  the  sense  of  touch  arc  prob- 
ably'due  to  these  varv-ing  anatomical  nrrangementa.  Not 
only  is  tactile  sensibility  to  a  single  impression  much  duller 
in  some  parts  than  in  others — a  circumstance  which  might 
be  readily  accounted  for  by  the  different  thickness  of  the 
epidermic  layer — but  the  power  of  distinguishing  double 
simultaneous  impressions  is  very  different.  Thus,  if  the 
ends  of  a  pair  of  compasses  (which  should  be  blunted  with 
pointed  pieces  of  cork)  are  separated  hy  only  one-tenth  or 
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one-twelfth  of  an  inch,  they  will  be  diatinctlj'  felt  as  two, 
if  applied  to  the  tips  of  the  fingers  ;  whereas,  if  applied  to 
the  back  of  the  hand  in  the  same  way,  only  one  impreaaioB 
will  be  felt ;  and,  on  the  arm,  they  may  be  separated  for  a 
quarter  of  an  inch,  ar.d  slill  only  one  impreBsion  will  be 
perceived. 

Accurate  experiments  have  been  made  in  different  parts 
of  the  body,  and  it  has  been  found  that  two  points  can  be 
distinguished  by  the  tongue,  if  only  onc-twenty-fourth  of  an 
inch  apart ;  by  the  tips  of  the  fingers  if  one-twelfth  of  an 
inch  distant ;  while  they  may  be  one  inch  distant  on  the 
cheek,  and  even  three  inches  on  the  back,  and  still  give 
rise  to  only  one  sensation. 

243.  The  Sense  of  Warmth  or  Cold.— The  feeling  of 
warmth,  or  cold,  is  the  result  of  an  excitation  of  sensory 
nerves  distributed  to  the  skin,  which  are  probably  distinct 
from  those  which  give  rise  to  the  Bense  of  touch.  And  it 
would  appear  that  the  heat  must  l>e  transmitted  through 
the  epidermic  or  epithelial  layer,  to  give  rise  to  this  sensa- 
tion  ;  for,  just  as  touching  a  naked  nerve,  or  the  trunk  of  a 
nerve,  gives  rise  only  to  pain,  so  heating  or  cooling  an  ex- 
posed nerve,  or  the  trunk  of  a  nerve,  gives  rise  not  to  a 
sensation  of  heat  or  cold,  but  simply  to  pain. 

Again,  the  sensation  of  heat,  or  cold,  is  relative  rather 
than  absolute.  Suppose  three  basins  bo  prepared,  one 
filled  with  ice-cold  water,  one  with  water  as  hot  aa  can  be 
borne,  and  the  third  with  a  mixture  of  the  two.  If  the 
hand  be  put  into  the  hot-water  basin,  and  then  transferred 
to  the  mixture,  the  latter  will  feel  oold  ;  but,  if  the  hand  be 
kept  a  while  in  the  ice-cold  water,  and  then  transferred  to 
the  very  same  mixture,  it  will  feel  warm. 

Like  the  sense  of  touch,  the  sense  of  warmth  varies  in 
delicacy  in  different  parts  of  the  body. 

The  cheeks  are  very  sensitive,  more  so  than  the  lips ; 
the  palms  of  the  hands  are  more  sensitive  to  heat  than 
their  backs.     Hence  a  washer-woman  holds  her  flat-iron  to 
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her  cheek  to  test  the  temperature,  and  one  who  is  cold 
Bpresds  the  palms  of  his  bauds  to  the  fire. 

243.  The  Seiue  of  Taste— the  Tongue.  —  Tlie  organ  of 
the  sense  of  Taste  is  tlie  mucous  membrane  which  covers 
the  tongue,  especially  ils  back  pari,  and  ihe  hinder  part  of 
tlie  palate.     Like  that  cf  the  skin,  the  deep,  or  vascular. 


._ -  liar  and  noaC«Hor  pUlarfl  of  lb« 

to  naplllie  i  y.p.,  faDgllbna  HptDii»,    Thd  mknatr  flLUDna  pa- 
ct Iwtwenn  tli*M,    On  the  riEht  aide  tho  loninio  Is  ™rtlBlJr 
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layer  of  the  mucous  membrane  of  the  tongue  is  raised  up 
into  papilla;,  but  these  are  large,  separate,  and  have  sepa- 
rate coats  of  epithelium.  Towards  the  tip  of  the  tongue 
they  are  for  the  most  part  elongated  and  pointed,  and  are 
called  _/f^^orOT,'  over  tlio  rest  of  the  surface  of  the  tongue. 
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these  are  mixed  with  olticr  larger  papills,  with  broad  ends 
and  narrow  bases,  called  yKw^iybrni  /  but,  towards  its  root, 
there  are  a  number  of  large  papillfe,  arranged  in  the  figure 
of  a  V,  with  its  point  backwards, ^ach  of  which  is  like  a 
fungiform  papilla  surrounded  by  a  wall.  These  are  the 
circumvallate  papillse  (Fig.  77,  C.p.).  The  larger  of  these 
papillee  have  subordinate  small  oues  upon  their  surfaces. 
They  are  very  vascular,  and  ihey  receive  nervous  filament* 
from  two  sources,  the  one  the  ner\-c  called  glossopliaryngeal, 
the  other  the  gnttatory,  which  ia  a  branch  of  \\\efijlh  nerve. 
{See  330.)  The  latter  chiefly  supplies  the  front  of  the 
tongue,  the  former  its  back  and  the  adjacent  part  of  the 
palate ;  and  there  is  reason  to  believe  that  It  is  the  latter 
region  which  ia  more  especially  the  seat  of  the  sense  of 
taste. 

The  great  majority  of  the  sensations  we  call  taste,  how- 
ev(-r,  are  in  reality  complex  sensations,  into  which  smell 
and  even  touch  largely  enter.  When  the  sense  of  smell  is 
interfered  with,  as  when  the  nose  is  held  tightly  pinched, 
it  is  very  difficult  to  distinguish  the  taste  of  various  ob- 
jecls.  An  onion,  for  instance,  the  eyes  being  shut,  may 
then  easily  be  confounded  with  an  apple. 

244.  Smell— Mechaaism  of  the  Nostrils, — The  organ  of 
the  sense  of  Smell  is  the  dolicale  mucous  membrane  which 
lines  a  part  of  the  nasal  ca\'ities,  and  is  distinguished  from 
the  rest  of  the  mucous  membrane  of  these  cavities — firstly, 
by  possessing  no  cilia;  secondly,  by  receiving  its  nervoua 
supply  from  the  olfactory,  or  first,  pair  of  cerebral  nerves, 
and  not,  like  the  rest  of  the  mucous  membrane,  from  the 
fifth  pair. 

Each  nostril  leads  into  a  spacious  nasal  chamber,  sepa- 
rated, in  the  middle  line,  from  its  fellow  of  the  other  side, 
by  a  partition,  or  septum,  formed  partly  by  cartilage  and 
partly  by  bone,  and  continuous  with  that  partition  which 
separates  the  two  nostrils  one  from  the  other.  Below, 
each  nasal  chamber  is  separated  from  the  cavity  of  the 
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mouth  by  a  floor,  the  bony  palate  (Figs.  78,  79,  80) ;  and, 
when  this  bony  palate  comes  to  an  end,  the  partition  is 
continued  down  to  the  root  of  the  tongue  by  a  fleshy  cur- 
tain, the  soft  palate,  which  has  been  already  described. 
The  soft  palate  and  the  root  of  the  tongue  together  con- 
alitute,  unJer  ordinary  circumstances,  a  movable  partition 

reen  the  month  and  the  pharynx,  and  it  will  be  ob- 
served that  the  opening  of  the  larj-nx,  the  glottis,  lies  be- 
hind the  partition;  so  that,  when  the  root  of  the  tongue  is 
applied  close  to  the  soft  palate,  no  passage  of  air  can  take 
place  between  the  mouth  and  the  pharynx.  But  in  the 
upper  part  of  the  pharynx  above  the  partition  are  the  two 
hinder  openings  of  the  nasal  cavities  (which  arc  called  the 
poaterior  nares)  separated  by  the  lemiiuation  of  the  sep- 
tum ;  and  through  these  wide  openings  the  air  pusses,  with 
great  readiness,  from  the  nostrils  akmg  the  lower  part  of 
each  nasal  chamber  to  the  glottis,  or  in  the  opposite  direc- 
tion. It  is  by  means  of  the  passages  thus  freely  open 
to  the  air,  that  we  breathe,  as  we  ordinarily  do,  with  the 
mouth  shut. 

Each  nasal  chamber  rises,  as  a  high  vault,  far  above  the 
level  of  the  arch  of  the  posterior  nares — in  fact,  about  as 
high  as  the  depression  of  the  root  of  the  nose.  The  upper- 
most and  front  part  of  lis  roof,  between  tlie  eyes,  is  formed 
by  a  delicate  horizontal  plate  of  bone,  perforated,  like  a 
sieve,  by  a  great  many  small  holes,  and  thence  called  the 
eribri/omi  plate  (Fig.  80,  Cn).  It  is  this  plate  (with  the 
membranous  structures  which  line  its  two  faces)  alone 
which,  in  this  region,  separates  the  cavity  of  the  nose  from 
that  which  contains  the  brain.  The  olfactory  lubes  which 
are  directly  connected  with,  and  form  indeed  a  part  of,  the 
brain,  enlarge  at  tbeir  ends,  and  their  broad  extremities 
rest  upon  the  upper  side  of  the  cribriform  plate;  sending 
immense  numbers  of  delicate  filaments,  the  olfactory  nerves, 
through  it  to  the  olfactory  mucous  membrane  (Fig,  79). 

!Jn  each  wall  of  the  septum  this  mucous  membrane 
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forms  a  flat  expansion,  but  on  the  side  walls  of  each  urniI 
cavity  it  follows  the  elevations  and  depressions  of  the 
inner  Burfaces  of  what  are  called  the  upper  and  middle 
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fairbinal,  or  spon^  bonos.  These  bones  are  colled  spongy 
because  the  iaterior  of  eacfa  is  occupied  hy  air  cavities 
separated  from  each  other  hy  very  delicate  partitions 
only,  and  communicating  with  the  nasal  cavities.  Hence 
the  bonea,  though  massive-looking,  are  reaily  exceedingly 
light  and  delicate,  and  fully  deserve  llie  appellation  of 
spongy  (Fig.  80). 

There  is  a  third  light  scroll-like  bone  distinct  from  these 
two,  and  attached  to  tbe  maxillary  bone,  wliich  is  called 
the  inferior  turbinul,  as  it  lies  lower  than  the  other  two, 
and  imperfectly  separates  the  air  passages  from  the  proper 
olfactory  chambex  (Fig,  78).  It  ia  covered  by  the  ordinary 
ciliated  mucous  membrane  of  the  nasal  passage,  and  re- 
ceives no  filaments  from  the  olfactory  nerve  (Fig.  78). 

246.  The  Reason  of  "  Sniffing." — From  the  arrange- 
ments which  have  been  described,  it  ia  clear  that,  under 
ordinary  circumstances,  the  gentle  inspiratory  and  expira- 
tory currents  will  flow  along  the  comparatively  wide, 
direct  passages  afforded  by  eo  much  of  the  nasal  chamber 
fts  lies  below  the  middle  turbinal;  and  that  they  will 
hardly  move  the  air  inclosed  in  the  narrow  interspace 
between  the  septum  and  the  upper  and  middle  spongy 
bones,  which  is  the  proper  olfactory  chamber. 

If  the  air-currents  are  laden  with  particles  of  odorous 
matter,  they  can  only  reach  the  olfactory  membrane  by 
diSiising  themselves  into  this  narrow  interspace;  and,  if 
there  be  but  few  of  these  particles,  they  will  run  the  risk 
of  not  reaching  the  olfactory  mucous  membrane  at  all, 
unleas  the  air  in  contact  with  it  be  exchanged  for  some  of 
the  odoriferous  air.  Hence  it  is  that,  when  we  wish  to 
perceive  a  faint  odor  more  distinctly,  we  sniff,  or  snuff  up 
the  air.  Each  snilT  is  a  sudden  inspiration,  the  effect  of 
which  must  reach  the  air  in  the  olfactory  chamber  at  the 
time  as,  or  even  before,  it  affects  that  at  the  nostrils ; 
and  thus  must  tend  to  draw  a  little  air  out  of  that  cham- 
ber from  behind.     At  the  same  time,  or  immediately  after- 
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wiirds,  the  air  sucked  in  at  the  nostrils  entpriDg  with  a' 
Budden  vertical  rush,  part  of  it  must  t«nd  lo  Bow  directly 
into  the  olfactory  chamber,  aad  replace  that  thus  drawn 

The  loss  of  smell  which  takes  place  in  tlie  course  of  a 
severe  cold  may,  in  part,  Le  due  to  the  swollen  state  of 
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Section  IIL — The  Mechanism  of  Searing. 
246.  Struotnre  of  the  Ear.— The  Ear,  or  organ  of  the 
sense  of  Hearing,  is  very  much  more  complex  than  either 
of  the  sensory  organs  yet  described.  It  M-ill  be  useful  to 
disUn^ish  the  essential  parts  of  this  complical«d  appara- 
tus from  certain  other  parts,  which,  though  of  great  assist- 
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ance  to  the  sense,  are  not  absolutely  ueceasary,  and  there- 
fore may  be  called  occeMori/. 

The  essential  parts,  on  either  side  of  the  head,  consist, 
substantially,  of  two  peculiarly-formed  membranous  bags, 
called,  respectively,  the  membranous  labyrinth  and  the 
scala  media  qf  the  cochlea.  Both  these  bags  are  lodged 
in  cavities  which  they  do  not  completely  fill,  situated  in 
the  midst  of  a  dense  and  solid  mass  of  bone  (from  its 
hardness  called  petrosal),  wliicb  forms  a  part  of  the  tem- 
poral bone,  and  enters  into  the  base  of  the  skull. 

Each  bag  is  511ed  with  a  Quid,  and  is  also  supported  in 
a  fluid  which  fills  the  cavity  in  which  it  is  lodged.  In  the 
iuterior  of  each  bag,  certain  small,  mobile,  hard  bodies 
are  contained;  and  the  ultimate  filaments  of  the  auditory 
nerves  are  so  distributed  upon  the  walls  of  the  bags  that 
their  terminations  must  be  knocked  by  tlic  vibrations  of 
these  small  hard  bodies,  should  any  thing  set  them  in 
motion.  It  is  also  quite  possible  that  the  vibrations  of  the 
fluid  contents  of  the  sacs  may  themselves  suiBce  to  affect 
the  filaments  of  the  auditory  nerve;  but,  however  this 
may  be,  any  such  effect  must  be  greatly  intensified  by  the 
ooOgieration  of  the  solid  particles. 

In  bathing  in  a  tolerably  smooth  sea,  on  a  rocky  shore, 
the  movement  of  the  little  waies  as  they  run  backwards 
and  forwards  is  hardly  felt  by  any  one  lying  down  ;  but,  in 
bathing  on  a  sandy  and  gravelly  beach,  the  pelting  of  the 
showers  of  little  stones  and  sand,  which  are  raised  and  let 
fall  by  each  wavelet,  makes  a  very  definite  impression  on 
the  nerves  of  the  skin. 

Now,  the  membrane  on  which  the  ends  of  the  auditorv 
nerves  are  spread  out  is  virtually  a  sensitive  beach,  and 
waves,  which  by  themselves  would  not  be  felt,  arc  readily 
perceived  when  they  raise  and  let  fall  hard  particles. 

Both  these  membranous  bags  are  lined  by  an  epithe- 

The  auditory  nerve,  after  passing  through  the  dense 
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bone  of  the  skull,  is  distributed  to  certuio  regions  of  each 
bag,  where  its  ultimate  filaments  come  into  peculiar  con- 
nection with  the  epithelial  lining.  The  epithelium  itself 
too,  at  these  spots  becomes  specially  nnodified.  In  certaia  m 
parts  of  the  meoibranous  labyrinth,  for  instance,  the  ejn-  1 
tbelium  connected  with  the  terniinations  of  the  auditoiy  I 
nerve  is  produced  into  long,  stiff,  slender,  hair-like  pro-  | 


C3sses  (Fig.  81,  d),  which  project  into  the  fluid  filling  the 
bag,  and  which  therefore  are  readily  affected  by  any  vibra- 
tion of  that  fluid,  and  communicate  the  impulse  to  the  ends 
of  the  nerve.  In  certain  other  parts  of  the  same  labyrinth 
these  hairs  are  scanty  or  absent,  but  their  place  is  supplied  ' 
by  minute  angular  particles  of  calcareous  sand  (called  0(0  j 
conia  or  otoUtfies),  lying  free  in  the  fluid  of  the  bag. 
These,  driven  by  the  vibrations  of  that  fluid,  strike  the 
epithelium  and  so  affect  the  auditory  nerve. 
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la  the  scala  media  of  the  oochlea,  minute,  rod-like 
bodies,  called  thcJU/rea  of  Corli,  and  which  ore  pecwliarly 
modified  cells  of  the  epithelial  lioiu^  of  the  scala,  appear 
to  serve  the  same  object. 

247.  The  VeatiblUe, — For  simplicity's  sake,  the  mcm- 
braoous  lubyrinth  and  the  scala  media  have  hitherto  been 
spoken  of  as  if  they  were  simple  bags  ;  but  this  is  not  the 
case,  each  bag  having  a  very  curious  and  somewhat  com- 
plicated ftirai.     (Figs.  8-Z  nnd  83.) 
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This  form  is  also  followed  to  a  certain  ext-ent  by  the 
bony  casing  of  the  cavity  in  which  each  is  lodged.  Thus 
the  membranous  labyrinth  is  suiroimded  by  a  bony  laby- 
id  the  scala  media  is  only  a  part  of  an  intricate 
structure  called  the  eoc/ilea.  The  bony  labyrinth  and 
cochlea,  with  all  the  parts  inside  each,  constitute  together 
what  ia  called  the  internal  ear. 

The  membmnon3  lab'jrinth  (Fig.  82}  has  the  figure  of 
an  oval  vettibular  sac,  consisting  of  two  parts,  the  one 
called  utriculus,  the  other  sacculus  hemuphericua.  The 
hoop-like  temictrcular  cattals  open  into  the  utriculua.  They 
are  three  in  number,  and,  two  being  vertical,  are  called  the 
anterior  {P.A.)  nnd  poaterior  {P.  V.)  vertical  $emicircular 
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canals ;  while  the  third,  Ijing  outside,  and  horizontally,  ia 
termed  the  external  Horizontal  semicircular  canal  {H). 
One  end  of  each  of  these  canaU  is  dilated  into  what  ia 
cnlled  an  ampulla  (A). 

It  is  upon  the  walla  of  these  ampullic  and  those  of  the 
veatibnlar  sac  that  the  branches  of  the  auditory  nerTe  are 
distributed. 

Id  each  ampulla  the  nervous  hlamcnts  may  be  traced  to 
a  transverse  ridge  caused  by  a  thickening  of  the  connective 
tissue  which  forms  the  walls  of  the  cunal  (as  well  as  of  all 
other  parts  of  the  membranous  labyrinth),  and  also  by 
a  thickening  of  the  epithelium.  Some  of  the  epithelium 
cells  are  here  prolonged  into  the  flue  hair-like  processes 
described  above.  It  is  probable  that  tlicsc  cells  are 
specially  connected  with  the  terminations  of  the  nerve- 
filaments. 

In  the  vestibule  are  similar  but  less  marked  ridges,  or 
patches  ;  here,  however,  the  hair-like  prolongations  of  the 
epithelium  cells  are  absent  or  scanty,  but,  instead,  otolitbes 
are  found  in  the  fluid. 

The  fluid  which  fills  the  cavities  of  the  semicircular 
canals  and  utriculus  is  termed  endolymph.  That  which 
separates  these  delicate  structures  from  the  bony  chambers 
in  which  tbey  are  contained  is  the  perili/mjift.  Each  of 
these  fluids  is  little  more  than  water. 

X'SiS.  The  Cochlea,— In  the  scala  media  '  of  the  cochlea 
the  primitive  bag  is  drawn  out  into  a  long  tube,  which  ia 
coiled  two  and  a  half  times  on  itself  into  a  conical  spiral, 
and  lies  in  a  much  wider  chamber  of  corresponding  form, 
excavated  in  the  petrous  bone  in  such  a  way  as  to  leave  a 
central  column  of  bony  matter  called  the  modiolus,  Tlie 
scala  media  has  a  triangular  transverse  section  (Fig.  83), 
being  bounded  above  and  below  by  the  membranous  walls 
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which  converge  intemully  and  diverge  estcmalJy,  At  their 
convergence,  tiie  walla  are  festened  to  tlie  edge  of  a  tliin 
plate  of  bone,  the  lamina  epiralia  {J^S.,  Fig.  83),  which 
winds  round  tht:  modiolus.  At  their  divergence  thej  are 
fixed  to  the  wall  of  the  containing  bony  chamber,  which 
thus  becomes  divided  into  two  passages,  communicating 
at  the  summit  of  the  spire,  but  elsewhere  separate.  These 
two  passages  are  called  respectively  the  grata  tymjtani 
and  scala  vestibuli,  and  are  filled  with  perilj'mph. 

The  scala  media,  which  thus  lies  between  the  other  two 
BcatiF,  opens  below,  or  at  the  broad  end  of  the  cochlea,  by 
B  narrow  duct  into  the  sacculus  hemisphericua,  but  at  its 
opposite  end  terminates  blindly.     (Fig,  87.) 


That  branch  of  the  audltorv  nerve  which  goes  to  supply 
the  cochlea,  enters  the  broad  base  of  the  central  column 
or  modiolus,  and  there  divides  into  branches,  whicU, 
epreading  out  in  a  spiral  fashion  in  channels  excavated 
in  the  bony  tissue,  are  distributed  to  the  lamina  spiralis 
throughout  its  whole  length.  They  do  not  end  here;  but 
in  any  section  of  the  lamina  spiralis  (Fig.  83,  X.&)  they 
may  be  found  running  outwards  from  the  central  column 
the  lamina  towards  the  angle  of  the  scala  media, 
in  whidi  indeed  they  tiecome  finnlly  lost. 
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Rti»tner.  The  opposite  or  lower  wall,  which  separates  it 
from  the  acala  tympani,  is  the  basilar  membrane.  The 
latter  is  very  elastic,  aod  on  it  rest  the  fibres  of  Corti 
(  C  C,  Fig.  8i),  each  of  which  is  composed  of  two  fUamenta 
joioed  at  an  angle.  An  immense  number  of  these  filaments 
are  set  side  by  side,  with  great  regularity,  throughout  the 
whole  length  of  the  scala  media,  so  that  this  organ  pre- 
sents almost  the  appearance  of  a  keyboard,  if  viewed  from 
either  the  seala  vestibuU  or  the  scala  tympani.  These 
fibres  of  Corti  lie  arnong  a  number  cf  epithetium  cells 
forming  the  lining  of  the  scala  media  at  this  part,  and 
those  cells  which  are  close  to  the  fibres  of  Corti  have  b 
peculiarly  modified  form.  The  enda  of  the  nerves  have 
not  yet  been  distinctly  traced,  but  they  probably  come 
into  close  relation  either  with  these  fibres  or  with  the 
modified  epithelium  cells  lying  close  to  them,  which  are 
capable  of  being  agitated  by  the  slightest  impulse. 

249.  Tlie  Bony  LabyrintlL — These  essential  parts  of 
the  organ  of  bearing  are,  we  have  seen,  lodged  in  cham- 
bers of  the  petrous  part  of  the  temporal  bone.  Thus  the 
membranous  labyrinth  is  contained  in  a  bony  labyrinth  of 
corresponding  form,  of  which  that  part  which  lodges  the 
sac  is  termed  the  vestibule,  and  those  portions  which  con- 
tain the  semicircular  canal,  the  bony  semicircttlar  canais. 
And  the  scala  media  is  contained  in  a  spirally-coiled  cham- 
ber, the  cochlea,  which  it  divides  into  two  passages.  Of 
these,  one,  the  scala  vestibuU,  is  so  called  because  at  the 
broad  end  or  base  of  the  cochlea  it  opens  directly  by  a 
wide  aperture  into  the  vestibule;  by  this  opening  the 
perilymph  which  fills  the  vestibule  and  bony  semicircular 
canals,  and  surrounds  the  membranous  labyrinth,  is  put  in 
free  communication  with  the  perilymph  which  fills  the  scala 
Tcatibuh  of  the  cochlea,  and,  by  means  of  the  communica- 
tion which  exists  between  the  two  scalie  at  the  summit  of 
the  spire,  with  that  of  the  scala  tympani  als-'. 

In  the  fresh  state,  this  collection  of  chambers  in  the 
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petrous  bone  is  perfectly  clcseU ;  but  in  the  dry  skull  there 
are  two  wiile  openings,  termed  J'enfxtrw,  or  windows,  on 
its  outer  wall ;  i.  e.,  on  the  side  nearest  the  outside  of  Uie 
skull.  Of  these  feuestra',  one,  termed  ovalis  (the  ova]  win- 
dow), is  situated  in  the  widl  of  the  I'cstibulur  cavity ;  the 
ether,  rotunda  (the  round  window),  behind  and  below  this, 
s  the  open  end  of  the  acala  tympani  at  the  base  of  the 
spire  of  the  cochlea.  In  the  fresli  state,  each  of  these  v 
dows  or  fenestriE  is  cloBcd  by  a  fibrous  membrane,  coDtinu- 
ous  with  the  periosteum  of  the  bone. 


Tbvi  fenestra  rotunda  is  closed  only  by  membrane ;  but 
fastened  to  the  centre  of  the  membrane  of  the  fene^ra 
ovalig,  so  as  to  leave  only  a  narrow  margin,  is  an  oral 

KPlatc  of  bone,  part  of  one  of  the  little  bones  to  be  de- 

boribed  shortly. 
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260.  Tympamun  and  EuBtaehian  Tube.— Tbe  outer  wall 
of  the  internal  ear  is  still  far  nway  from  tbe  exterior  of  the 
nkull.  Between  it  and  the  visible  opening  of  the  ear,  in 
&ct,  are  placed  in  a  slmigiit  lino,  firsi,  the  drum  of  the  ear, 
or  tymp'inum ;  Becon<Ly,  the  long  external  passage,  or 
meatue  (Fig.  So). 

The  drum  of  the  ear  and  the  external  meatus,  which 
together  constitute  the  middle  ear,  would  form  one  cavily, 
were  it  Dot  that  a  delicate  membrane,  the  tympanic  mem- 
brane {Ty.M.,  Fig.  85),  is  tightly  stretched  in  an  oblique 
direction  across  the  passage,  ao  as  to  divide  the  compara- 
tively small  cavity  of  Ihe  drum  from  the  nicntua. 


The  membrane  of  the  tympsniini  thua  prevents  any 
oommunication  by  means  of  the  meatus,  between  the  drum 
and  the  externa!  air,  but  such  a  communication  is  pro- 
vided, though  in  a  roundabout  way,  by  the  Eustachian 
tube  {Eu.,  Fig.  85),  which  leads  directly  from  the  fore 
part  of  the  drum  inwards  to  the  roof  of  the  pharynx, 
where  it  opens. 

861.  The  Auditory  OhIoIm.  — Three  small  bones,  tbe 
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auditoiy  ossicles,  He  in  the  cavity  of  the  tympanum.  One  ' 
of  these  is  the  stapen,  a  small  bone  shaped  lite  a  stimi]). 
1  the  foot-plate  of  this  bone  which,  as  already  men- 
tioned, is  firmly  fastened  to  the  membrane  of  the  fenestra 
ovalU,  while  its  hoop  projects  outwards  into  the  tympanic 
cavity  (Fig,  86). 

Another  of  lliese  bones  is  the  maUevt  (Mall  Figs  8S, 
86  87)  or  hammer  boni.  i  long  process  of  nbich  i 
larly  fastened  to  the  inner  side  of  the  tympanic  membranfl 
(Fig  87)  and  a  very  much  imaller  proce*"  the  slender 
process  IS  fastened  as  is  also  the  body  of  the  roaJleus, 
to  the  bony  wall  of  the  tympanum  by  hgaments       The 
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Pesto  upon  a  support  affonJeil  to  it  by  the  walls  of  the 
tjmpanuni ;  while  the  other,  vertical,  desceuda  almost  par- 
allel with  the  lon^  process  of  the  malleus,  and  articulal«a 
with  the  stapes,  or  rather  unites  with  a  little  bone,  the 
oa  orbicwlare,  which  articulates  with  the  stapes  (Figs,  86 
and  87). 

Tile  three  bones  thus  form  a  chain  between  the  fenestra 
ovalis  and  the  tympanic  membrane ;  and  the  whole  aeries 
turns  upon  an  horizontal  axis,  the  two  ends  of  which,  formed 
by  the  horijontal  process  of  the  incus  and  the  slender  pro- 
cess of  the  malleus,  rest  in  the  walk  of  the  tympanum. 
The  general  direction  of  this  axis  is  represented  by  the 
line  a  J  in  Fig.  M,  or  by  a  line  perpendicular  to  the  plane 
of  the  paper,  passing  through  the  head  of  the  maileus  in 
Fig.  87.  It  follows,  therefore,  that  whatever  causes  the 
membrane  of  the  drum  to  vibrate  backwards  and  forwards, 
must  force  the  handle  of  the  malleus  to  travel  in  the  same 
way.  This  must  cause  a  corresponding  motion  of  the  long 
process  of  the  incus,  the  end  of  which  must  drag  the  stapes 
backwards  and  forwards.  And,  as  this  is  fastened  to  the 
membrane  of  the  fenestra  ovalis,  which  is  in  contact  witb 
the  perilymph,  it  must  set  this  fluid  vibrating  throughout 
its  whole  extent,  the  thrustinga  in  of  the  membrane  of  the 
fenestra  ovalis  being  compensated  by  corresponding  thrust' 
ings  out  of  the  membrane  of  the  fenestra  rotunda,  and  vive 
versa. 

The  vibrations  of  the  perilymph  thus  produced  will  af- 
fect the  endolymph,  and  this  tiie  otolithes,  hairs,  or  fibres; 
by  which,  finally,  the  auditory  nerves  will  be  excited, 

362.  The  Hiucles  of  the  Tympannm.  —  The  membrane 
of  the  fenestra  ovalis  and  the  tympanic  membrane  will  ne- 
cessarilv  vibrate  the  more  freely  the  looser  they  are,  and 
the  reverse.  But  there  are  two  muscles — one,  called  the 
stapedius,  which  passes  from  the  floor  of  the  tympanum  to 
the  orbicular  bone,  and  the  other,  the  tensor  tympani,  from 
tbe  front  wall  of  the  drum  to  the  malleus.      Each  of  the 
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■  when  it  cootncts  tigfateos  tbe  neadwaaes  ia  qnes- 
tioo,  aad  restricts  ibeir  Tibratknis,  or,  to  etbs  wxitds,  tends 
to  check  the  effect  of  snr  cause  which  seta  these  raem- 
bnaes  nfantiog. 

SSa.  Hw  CoBdM.— The  otiter  extrettiitT  of  the  extenwl 
mefttas  is  simoaiKded  by  the  eotucAa  or  esientsl  ear  {  Co., 
fig.  85),  a  brood,  pe«uliarij-shaped,  and  for  the  most  pait 
cartilagiiKnis  pUte,  the  genentl  plane  of  which  is  at  right 
angles  with  that  of  the  axis  of  the  auditorr  opening.  The 
concha  can  be  moved  by  most  antniaie,  and  hj  some  human 
beings,  in  various  directions  by  means  of  muscles,  which 
pass  to  it  from  the  side  of  the  head. 

Sechos  IV. —  Worl'inff  of  the  Auditory  Meehanigm. 

254.  Vatnre  of  Sound. — The  manner  in  which  the  com- 
plex apparatus  Dow  described  intennediat«s  between  the 
physical  agent,  which  is  the  condition  of  the  eensalion  of 
sound,  and  the  nervous  expansion,  the  affection  of  which 
alone  can  excite  that  sensation,  inust  next  be  considered. 

All  bodies  which  produce  sound  are  in  a  state  of  vibra- 
tion, and  they  communicate  the  vibrations  of  their  own  sub- 
stance to  the  air  with  which  they  arc  in  contact,  and  thus 
throw  that  air  into  waves,  just  as  a  stick  waved  backwards 
and  forwards  in  water  throws  the  water  into  waves. 

The  aerial  waves,  produced  by  the  vibrations  of  s 
rous  bodies,  in  fMirt  enter  tlie  external  auditory  passage,  a 
in  part  strike  upon  the  concha  of  the  external  ear  and  t 
outer  surface  of  the  head.     It  may  be  that  som 
latter  impulses  are  transmitted  through  the  solid  struclui 
of  the  skull  to  the  organ  of  hearing;  but  before  1 
reach  it  they  must,  under  ordinary  circumstances,  have  b 
come  so  scanty  and  weak,  tbat  they  may  be  left  out  t 
consideration.     The  aerial  waves  which  enter  the  meatu 
all  impinge  upon  the  membrane  of  the  drum  and  set  i 
vibrating,  stretched  membranes  taking  up  vibratioDs  fi 
<th  great  readiness. 
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255.  Vlbrationa  of  the  Tympanma. — ^Tlie  vibrations 
thus  set  up  in  the  iiipmbrane  of  the  tympanum  are  com- 
municated, in  part,  to  the  air  contained  in  the  drum  of  the 
ear,  and,  in  part,  to  the  malieua,  and  thence  to  the  other 
auditory  ossicles. 

The  vibrations  communicated  to  the  air  of  the  drum 
impinge  upon  the  inner  wall  of  the  tympanum,  on  the 
greater  part  of  which,  from  its  density,  they  can  produce 
very  little  effect,  Wliere  lliis  wall  is  formed  by  Ihe  mem- 
brane of  the  fenestra  rotunda,  however,  the  communicalion 
of  motion  must  necessarily  be  greater. 

The  vibrations  which  are  communicated  to  the  malleus 
and  the  chain  of  oasitles  may  be  of  two  kinds ;  vibrations 
of  the  particles  of  the  bones,  and  vibrations  of  the  bonea 
as  a  whole.  If  a  beam  of  wood,  freely  suspended,  be  very 
gently  scratched  with  a  pin,  its  particles  will  be  thrown 
into  a  state  of  vibration,  as  will  be  evidenced  by  the  sound 
given  out,  but  the  beam  itself  will  not  be  moved.  Again, 
if  a  strong  wind  blow  against  the  beam,  it  will  swing  visi- 
bly, without  any  vibrations  of  lis  particles  among  them- 
selves. On  the  other  hand,  if  the  beam  be  sharply  struck 
with  a  hammer,  it  will  not  only  give  out  a  sound,  showing 
that  its  particles  are  vibrating,  but  it  will  also  swing  from 
the  impulse  given  to  its  whole  mass. 

Under  the  last  mentioned  circumstances,  a  blind  man 
standing  near  the  beam  would  be  conscious  of  nothing  hut 
the  sound,  the  product  of  molecular  vibration,  or  invisible 
oscillation  of  the  particles  of  the  beam ;  while  a  deaf  man, 
in  the  same  position,  would  be  aware  of  nothing  but  tiic 
visible  oscillation  of  the  beam  as  a  whole. 

25fi.  Their  TrammiBBJon. — Thus,  to  return  to  the  chain 
of  auditory  ossicles,  while  it  seems  hardly  to  be  doubted 
that,  when  the  mertibrane  of  the  drum  vibrates,  they  may 
be  set  vibrsling  both  as  a  whole  and  in  their  pBrticlea,  it 
depends  upon  subsidiary  arrangements  whether  the  large 
vibrations,  or  the  minute  ones,  shall  make  themselves  ob- 
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vious  to  the  auditory  nerve,  which  is  in  the  position  of 
deaf,  or  blind  man. 

The  evidence  at  present  is  in  favor  of  tlie  conclusion, 
that  it  is  the  vibrations  of  the  bones,  as  a  whole,  wbicb 
are  the  chief  agents  in  transmitting  the  impnises  of  the 
aerial  waves. 

For,  in  the  first  place,  the  disposition  of  the  bones  and 
the  mode  of  their  articulation  are  very  much  against  the 
transmiaaion  of  molecular  vibrations  through  their  sub- 
stance, while,  on  the  other  band,  they  are  extremely  favor- 
able to  tlieir  vibration  en  viaste.  The  long  processes  of 
the  malleus  and  incus  swing,  like  a  pendulum,  upon  the 
axis  furnished  by  the  short  processes  of  these  bones;  while 
the  mode  of  connection  of  the  incus  with  the  stapes,  and 
of  the  latter  with  the  edges  of  the  fenestra  ovalis,  allows 
that  bone  free  play,  inwards  and  outwards.  In  the  second 
place  the  total  length  of  the  chain  of  ossicles  is  very  small 
compared  with  the  length  of  the  waves  of  audible  sounds, 
and  physical  considerations  teacb  us  that  in  a  like  small 
rod,  similarly  capable  of  swinging  en  masse,  the  minute 
molecular  vibrations  would  be  inappreciable.  Thirdly,  it 
is  affirmed,  aa  the  result  of  experiments,  that  the  bone 
called  coiumella,  which,  in  birds,  takes  the  place  of  the 
chain  of  ossicles  in  man,  does  actually  vibrate  as  a  whole, 
and  at  the  same  rate  as  the  membrane  of  the  drum,  when 
at!rial  vibrations  strike  upon  the  latter, 

257.  The  Actioa  of  the  Auditory  Miuclei. — Tlius,  there 
is  reason  to  believe  that  when  the  tvmpanic  membrane  is 
set  vibrating,  it  causes  the  process  of  the  malleus,  which 
is  fixed  to  it,  to  swing  at  the  same  rate ;  the  head  of  tbe 
malleus  consequently  turns  through  a  Bmatl  arc  on  its 
pivot,  the  slender  process.  But  the  turning  of  the  head 
of  the  malleus  involves  that  of  the  head  of  the  incus  upon 
its  pivot,  the  short  process.  In  consequence,  the  long  pro- 
of the  incus  swings  through  an  arc  which  has  been 
estimated  as  being  equal  to  about  two-thirds  of  tlmt  de- 
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fioribed  by  the  baudle  of  the  malleus.  The  extent  of  the 
push  is  thereby  somewliat  dimiuisLed,  but  the  foree  of  the 
push  is  proportionately  increased ;  in  so  coniined  a  space 
this  change  is  advantageous.  The  long  process,  however, 
is  80  fixed  to  the  stapes  that  it  cannot  vibrate  without,  to 
a  corresponding  extent  and  at  the  same  rate,  pulling  this 
out  of,  and  pushing  it  into,  iho  fenestra  oralis.  But  every 
pull  and  push  imparts  a  corresponding  set  of  shakes  to  the 
perilymph,  which  fills  the  bony  labyrinth  and  cochlea,  ex- 
ternal to  the  membranous  labyrinth  and  scala  media.  These 
shakes  are  communicated  to  the  endolymph  and  fiuid  of 
the  scala  media,  and,  by  the  help  of  the  otoiithes  and  the 
fibres  of  Corti,  are  finally  converted  into  impulses,  which 
act  as  irritants  of  the  ends  of  the  vestibular  and  cochlear 
divisions  of  the  auditory  nen-e. 

268.  Intensity  and  ftoality  of  BonndB— how  diiorimi- 
natfli  — The  difference  between  the  funetions  of  the  mem- 
branous labyrinth  (to  which  the  vestibular  nerve  is  dis- 
tributed) and  those  of  the  cochlea  are  not  quite  certainly 
made  out,  but  the  following  views  have  been  suggested  : 

The  membranous  labyrinth  may  be  regarded  as  an  ap- 
paratus whereby  Bounds  are  appreciated  and  distinguished 
according  to  their  intensity  or  quantity ;  but  which  does 
not  afford  any  means  of  discriminating  their  qualities. 
The  vestibular  nerve  tells  us  that  sounds  are  weak  or 
loud,  but  gives  ua  no  impression  of  tone,  or  melody,  or 
harmony. 

The  cochlea,  on  the  other  hand,  it  is  supposed,  enables 
the  mind  to  discriminate  the  quality  rather  than  the  quan- 
tity or  intensity  of  sound.  It  is  suggested  that  the  excite- 
ment of  any  single  filament  of  the  cochlear  nerve  gives 
rise,  in  ttie  mind,  to  a  distinct  musical  impression ;  and 
that  every  fraction  of  a  tone  which  a  well-trained  ear  is 
capable  of  distinguishing  is  represented  by  its  separate 
nerve-fibre.  Under  this  view  the  scala  media  resembles  a 
key-board,  in  function,  as  well  as  in  appearance,  the  fibres 
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of  Corti  being  the  keys,  and  the  ends  of  the  nerves  repre- 
■entiflg  the  strings  which  the  keys  strike.  If  it  were  pos- 
sible to  irritate  each  of  these  nerre^fibres  ex perimen tally, 
we  should  be  able  lo  produce  any  musical  tone,  at  will,  in 
the  senaorium  of  the  person  experimented  upon,  just  aa 
snr  note  on  a  piano  is  produced  by  striking  the  appro- 
priate key. 

259.  Probable  FnnctioiL  of  the  Fibrea  of  Cortl'~A 
tuning-fork  may  be  set  vibrating,  if  its  own  particular 
note,  or  one  harmonic  with  it,  be  sounded  in  it«  neighbor- 
hood, lu  other  words,  it  will  vibrate  under  the  influence 
of  a  particular  set  of  vibrations,  anil  no  others.  If  the 
vibrating  ends  of  the  tuning-fork  were  so  arranged  as  to 
imping  upon  a  nerve,  their  repeated  minute  blows  would 
at  once  excite  this  nerve. 

Suppose  that  of  a  set  of  tuning-forks,  tuned  to  ereiy 
note  and  distinguishing  fractions  of  a  note  in  the  scale,  one 
were  thus  coimccted  with  the  end  of  every  fibre  of  the 
oochlear  nerve;  then  any  vibration  communicated  to  the 
perilymph  would  affect  the  tuning-fork  which  could  vibrate 
with  it,  while  the  rest  would  be  olisolutely,  or  relatively, 
indifferent  to  that  vibration.  In  other  words,  the  vibration 
woul'l  give  rise  to  the  sensation  of  one  particular  tone,  and 
no  other,  and  every  musical  interval  would  be  represented 
by  a  distinct  impression  on  the  sensorium. 

It  is  suggested  that  the  fibres  of  Corti  arc  competent 
to  perform  the  function  of  such  tuning-forks  ;  that  each  of 
them  is  set  vibrating  to  its  full  strength  by  a  particular 
kind  of  wave  sent  through  the  perilymph,  and  by  no  other; 
»nd  that  each  affects  a  particular  fibre  of  the  cochlear 
nerve  only.  But  it  must  be  remembered  that  the  view 
here  given  is  a  suggestion  only  which,  however  probable^ 
has  not  yet  been  proved.  Indeed,  recent  inquiries  have 
rather  diminished  than  increased  its  probability. 

The  fibres  of  the  cochlear  nerve  may  be  excited  by  in- 
ternal causes,  such  as  the  varying  pressure  of  the  blood 


STBCCTUBE  AND  ACTION   OF  TUE   RETINA. 

and  the  like  :  and  in  some  persons  such  internal  influences 
do  give  rise  to  veritable  inusicul  spectra,  sometimes  of  a 
very  intense  character.  But,  for  the  appreciation  of  musio 
produced  external  to  us,  we  depend  upon  the  intennedia- 
tioD  of  the  scala  media  and  its  C'ortian  fibres. 

860.  Fttuctloii  of  the  Tympanic  Uasdea  and  Eostftohian 
Tube. — It  has  already  been  explained  that  the  stajjedius 
and  tentor  tynipani  muscles  ave  compalcnt  to  tighten  the 
membrane  of  the  fenestra  ovaiia  and  tliat  of  the  tym- 
panum, and  it  is  probable  that  they  come  into  action 
when  the  sonorous  impulses  are  too  violent,  and  would 
produce  too  extensive  vibrations  of  these  membranes. 
They  therefore  tend  to  moderate  the  effect  of  intense 
sound,  in  much  the  same  way  that,  as  we  shall  find,  ihe 
contraction  of  the  circular  fibres  of  the  iris  tends  to  mod- 
erate the  effect  of  intense  light  in  the  eve. 

The  function  of  the  Eustachian  tube  is,  probablv,  to 
keep  the  air  in  the  tympanum,  or  on  the  inner  side  of  the 
tympanic  membrane,  of  about  the  same  tension  as  that  on 
the  outer  side,  which  could  not  always  be  the  case  if  the 

I  tympanum  were  a  closed  cavity, 
261.  Qeueral  Stmcture  of  the  Eye, — In  studying  the 
organ  of  the  sense  of  sight,  the  eye,  it  is  needful  to  be- 
come acquainted,  firstly,  with  the  structure  and  properties 
of  the  sensory  expansion  in  which  the  opiic  nerve,  or  nerve 
of  sight,  terminates ;  secondly,  with  the  physical  agent  of 
:—■ 
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which  the  physical  ogent  is  aesiBted  in  acting  upon  the 
nervous  expansion. 

The  ball,  or  globe,  of  the  eye  is  a  globular  body,  n 
iiig  freely  id  a  chaml)er,  the  orbit,  which  is  furnished  to  it 
by  the  skiill.  The  optic  nerve,  the  root  of  which  is  in  the 
brain,  leaves  tlie  skull  by  a  hole  at  the  back  of  the  orbit, 
and  enters  the  back  of  the  globe  of  the  eye,  not  in  the 
middle,  but  on  the  inner,  or  nasal,  side  of  the  centre. 
Having  piercctl  the  wnll  of  the  globe,  it  spreads  out  into 
a  very  delicate  uicmbraoe,  varying  in  thickness  from  g'gth 
of  an  inch  to  less  than  half  that  amount,  wliich  lines  the 
hinder  two-thirds  of  the  globe,  and  is  termed  the  retina. 
This  retina  is  the  only  organ  connected  with  sensory  ner- 
vous fibres  which  can  be  affected,  by  any  agent,  in  such  a 
as  to  give  rise  to  the  sensation  of  light. 
The  Sor&ce  of  the  Betina.  —  If  the  globe  of  the 
eye  be  cut  iu  two,  transversely,  so  as  to  divide  it  into  a 
anterior  and  a  posterior  half,  tlie  retina  will  be  seen  lining 
the  whole  of  the  concave  wall  of  the  posterior  half  a 
membrane  of  great  delicacy,  and,  for  the  most  part,  of  even 
texture  and  smooth  surface.  But,  exactly  opposite  the 
middle  of  the  posterior  wall,  it  presents  a  slight  circular 
depression  of  a  j-ellowish  hue,  the  macula  lutea,  or  yelloi 
spot  (Fig.  90,  tn.l.  ;  Fig.  94, 8')— not  easily  seen,  however, 
unless  the  eye  be  perfectly  fresh — and,  at  some  distance 
from  this,  towards  the  inner,  or  nasal,  side  of  the  ball  is 
a  radiating  api>earance,  produced  by  the  entrance  of  the 
optic  nerve  and  the  spreading  out  of  its  fibres  into  I 

263.  Microsoopic  Stiactore  of  the  Eetina.— A  very  thin 
vertical  slice  of  the  retina,  in  any  region  except  the  yellov 
spot,  and  the  entrance  of  the  optic  nerve,  may  be  resolved 
into  the  structures  represented  separately  in  Pigs.  8 
The  one  of  these  (Fig.  88)  occupies  the  whole  thickness  of 
the  section,  and  comprises  its  essential,  or  nervous  ele- 
ments,   The  outer  (or  posterior)  fourth,  or  rather  less,  of 
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tbe  IhickneBS  of  those  consiBts  of  a  vast  multitude  of  mi- 
nute, either  rod-like  or  conical,  bodie6,  ranged  side  by  side, 
perpendicularly  to  the  plane  of  the  retina.  This  is  the 
layer  of  rods  and  cones  {/>  c).  From  the  front  ends  or 
bases  of  the  rods  and  cones  very  delicate  fibres  pass,  and 
in  each  is  developed  a  granule-like  body   (A'o'},  which 
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forms  B  part  of  what  has  bfen  termed  the  outer  layer  of  ] 
granules.  It  is  probable  that  these  fibres  next  pass  into  I 
and  indeed  form  the  close  mefihwork  of  very  delicate  ner-  I 
TouB  fibres  which  is  seen  at  d  d'  (Fig.  88),  From  the  an-  | 
terior  surface  of  this  mcshwork  other  fibres  proceed,  ( 
taining  a  second  set  of  grannies,  which  forms  the  inner  1 
granular  layer  {//' ).  In  front  of  this  layer  is  a  stratum  [ 
of  convoluted  fine  nervous  fibres  (ffff'),  and  anterior  to  this  | 


■pot,ttK 


again  numerous  ganglionic  corpuscles  (^  A').      Processes  i 
of  these  ganglionic  corpuscles  extend,  on  tlie  one  hand,    | 
into  the  layer  of  convoluted  nerve-fibres ;  and,  on  the  other,    ' 
are  probably  continuous  with  the  stratum  of  fibres  of  tho 
optic  nerve  (i). 

These  delicate  nervous  structures  are  supported  by  a 
sort  of  framework  of  connective  tissue  of  a  peculiar  kind  ] 
(Fig.  89),  which  extends  from  an  inner  or  anterior  limit-  * 
iiiff  membrane  {I),  which  bounds  the  retina  and  is  in  o 
t«ct  with  the  vitreous  humor,  to  an  outer  or  j>oaterior  lim- 


ithiff  menJirane,  which  lies  at  the  anterior  ends,  or  bases, 
of  the  rods  and  cones  near  the  level  of  b'  c'  in  Fig,  88. 
Thus  the  framework  is  thinner  than  the  nervous  substance 
of  the  retina,  and  the  rods  and  cones  lie  altogether  outside 
of  it,  and  wholly  unsupported  by  any  connective  tissue. 
Thpy  are,  however,  as  we  shall  see,  embedded  in  the  layer 
of  pij^ent  on  which  the  retina  rests  (277). 

The  fibres  of  the  optic  nerve  spread  out  between  the 
limiting  membrane  (I)  and  the  ganglionic  corpuscles  (A'), 
and  the  vessels  which  enter  along  with  the  optic  nerve 
ramify  between  the  limiting  membrane  and  the  inner  gran- 
ules {//').  Thus,  not  only  the  nervous  fibres,  but  the 
vessels,  are  placed  altogether  in  front  of  the  rods  and  cones. 

At  the  entrance  of  the  optic  nerve  itself,  the  nervous 
fibres  predominate,  and  the  rods  and  cones  are  absent.  In 
the  yellow  spot,  on  the  contrary,  the  cones  are  abundant 
and  close  set,  becoming  at  the  same  time  longer  and  more 
slender,  while  rods  are  scanty,  and  are  found  only  towards 
its  margin.  The  layer  of  fibres  of  the  optic  nerve  disap- 
pears, and  all  the  other  layers,  except  that  of  the  cones, 
become  extremely  thin  in  the  centre  of  the  macula  lulea 
(Fig.  ill). 

264  The  Senaatioo  of  Light— The  most  notable  prop- 
erty of  the  retina  is  ita  power  of  converting  the  vibrations 
of  ether,  which  constitute  the  physical  basis  of  light,  into 
a  stimulus  to  the  fibres  of  the  optic  nerve — which  fibres, 
when  excited,  have  the  power  of  awakening  ihe  sensation 
of  light  in,  or  by  means  of,  the  brain.  The  sensation  of 
light,  it  must  be  understood,  is  tlie  work  of  the  brain,  not 
of  the  retina ;  for,  if  an  eye  be  destroyed,  pinching,  gal- 
vanizing, or  otherwise  irritating  the  optic  nerve,  will  still 
excite  the  sensation  of  light,  because  it  throws  the  fibres 
of  the  optic  nerve  into  activity ;  and  their  activity,  how- 
ever produced,  briu^'B  about  in  the  brain  certain  changes 
which  give  rise  to  the  sensation  of  light. 

light,  falling  directly  on  the  optic  nerve,  does  not  ex- 
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cite  it ;  the  fibres  of  the  optic  nerve,  in  themselvee,  are  as 
blind  as  »uy  other  part  of  the  body.  But  just  &s  the  deli- 
cate filaments  of  the  ampulla,  or  the  otoconia  of  tlic  ves- 
tibular eac,  or  the  Corliaa  fibres  of  the  cochlea,  are  con- 
trivances  for   convFrting    the   delicate  vibrations   of  the 
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perilympli  and  endolynipli  into  impulses  which  cnn  excite 
the  auditory  nerves,  so  the  structures  ia  the  retioa  nppear 
to  be  adapted  to  convert  the  infinitely  more  delicate  pulses 
of  the  lutniuifexous  ether  into  stimidi  of  the  fibres  of  the 
optic  cerve. 

265.  The  "Blind  Spot."— The  sensibility  of  the  different 
parts  of  the  reiiuu  to  light  varies  very  greatly.  The  point 
of  entrance  of  the  optic  nerve  ia  absolutely  blind,  as  may 
be  proved  by  a  very  simple  experiment.  Close  the  left 
eye,  and  look  steadily  with  the  right  at  the  cross  on  the 
page,  held  at  ton  or  twelve  inches'  diatancc : 


The  bl.tok  dot  will  be  seen  quite  plainly,  as  well  as  the 
cross.  Now,  move  the  book  slowly  towards  the  eye,  which 
must  be  kept  steadily  fixed  upon  the  cross;  at  a  certain 
point  the  dot  will  disappear,  but,  as  the  book  is  brought 
still  closer,  it  will  come  into  view  aguiu.  It  results  from 
optical  principles  that,  in  the  first  position  of  the  book, 
the  figure  of  the  dot  falls  between  that  of  the  cross  (which 
throughout  lies  upon  the  yellow  spot)  and  the  entrance  of 
the  optio  nerve :  while  in  the  second  position,  it  falls  on 
the  entrance  of  the  optic  nerve  itself;  and,  in  the  third, 
inside  that  point.  So  long  as  the  image  of  the  spot 
rests  upon  the  entrance  of  the  optic  nerve  it  is  not  per- 
ceived, and  hence  this  region  of  the  retinit  is  c^atled  the 
Hind  spot. 

266.  Duration  of  Laminooi  Impressions.— The  impres- 
sion made  by  light  upon  the  retina  not  only  remains  during 
the  whole  period  of  the  direct  action  of  the  light,  but  has  a 
certain  duration  of  its  own,  however  short  the  time  during 
which  the  light  itself  lasts.  A  flash  of  lightning  is,  prac- 
tically, instantaneous,  but  the  sensation  of  light  produced 
by  that  flash  endures  for  an  appreciable  period.  It  is 
found,  in  fact,  that  a.  luminous  impression  lasts  for  about 
one-eighth  of  a  second  ;  whence  it  follows  that,  if  any  two 
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mprossiona  are  separated  by  a  less  interval,  they 
are  not  distinguished  from  one  anotlier. 

For  this  reason  a  "  Catherine-wheel,"  or  a  lighted  6tidt 
turned  round  very  rapidly  by  the  hand,  appears  as  a  circle 
of  fire;  and  the  spokes  of  a  coach-wheel  at  speed  are  not 
separately  visible,  but  only  appear  as  a  soit  of  opacity,  or 
film  within  the  tire  of  the  wheel. 
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267.  Exhaustion  of  the  Eetino.— The  excitability  of  the 

retina  is  readily  exhausted.  Thus,  looking  at  a  bright 
light  rapidly  renders  the  part  of  Ihe  retina  on  which  the 
light  falls,  insensible  ;  and,  on  looking  from  the  bright  light 
towards  a  moderately-lighted  surface,  a  dark  spot,  arising 
from  a  temporary  blindness  of  the  retina  in  this  part,  ap- 
pears in  the  field  of  view.  If  the  bright  light  be  of  one 
color,  the  part  of  the  retina  on  which  it  falls  becomes  in- 
sensible to  rays  of  that  color,  but  not  to  the  other  rays  of 
the  8[>ectrum.  This  is  the  explanation  of  the  appearance 
of  what  are  called  cofnplementary  colors.  For  example,  if 
a  bright-red  wafer  be  stuck  upon  a  sheet  of  white  paper, 
and  steadily  looked  at  for  some  time  with  one  eye,  when 
the  eye  is  turned  aside  to  the  white  paper  a  greenish  spot 
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will  Bppenr,  of  about  the  size  and  shape  of  the  wafer.  The 
red  image  has,  in  fact,  fatigued  the  part  of  the  retina  oa 
which  it  fell  for  red  light,  but  has  left  it  sensitive  to  the 
remaining  colored  rays  of  which  white  light  ia  composed. 
But  we  know  that,  if  from  the  vajiously  colored  rays  which 
make  iip  the  spectrum  of  white  Ught  we  take  away  all 
the  red  rays,  the  remaining  rays  together  make  up  a  sort 
of  green.  So  that,  when  white  light  falls  upon  this  part;, 
the  red  rays  in  the  white  light  having  no  effect,  the  result 
of  the  operation  of  the  others  is  a  greenish  hue.  If  the 
wafer  be  green,  the  coinplemenUiry  image,  as  it  is  called, 

868.  Color-Blindneaa. — in  some  persona,  the  retina  ap- 
pears to  be  affected  in  one  and  the  same  way  by  rays  of 
light  of  various  colors,  or  even  of  all  colors.  Such  color- 
blind persons  are  unable  to  distinguish  between  the  leaves 
of  a  cherry-tree  and  its  fruit  hr  the  color  of  the  two,  and 
sse  no  difference  between  blue  and  yellow  cloth. 

This  peculiarity  is  simply  unfortunate  for  most  people, 
but  it  may  be  dangerous  if  unknowingly  possessed  by  rail- 
way guards  or  sailors.  It  probably  arises  either  from  a 
defect  in  the  retina,  which  renders  that  organ  unable  to 
respond  to  different  kinds  of  luminous  vibrations,  and  con- 
sequently insensible  to  red  rays  or  yellow  rays,  etc.,  as  the 
case  may  be,  or  it  may  proceed  from  some  unusual  absorp- 
tive power  of  the  humors  of  the  eye  which  prevents  par- 
ticular rays  from  reaching  the  retina ;  or  the  fault  may  lie 
in  the  brain  itself. 

269.  LnminooB  Effects  of  FreBaure  on  the  Eye.  —  The 
sensation  of  light  may  be  eicit«d  by  other  causes  than  the 
impact  of  the  vibrations  of  the  luminiferous  ether  upon  the 
retina.  Thus,  an  electric  shock  sent  through  the  eye,  gives 
rise  to  the  appearance  of  a  flash  of  light :  and  pressure  on 
any  part  of  the  retina  produces  a  luminous  image,  which 
lasts  as  long  as  the  pressure,  and  is  called  a  phogphene. 
If  the  point  of  the  finger  be  pressed  upon  the  outer  side  of 
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the  ball  of  the  eye,  the  eves  beJD^  shut,  a  luminous  imsge 
— which,  in  my  own  cas<r,  is  dnrk  in  the  centre,  with  a 
bright  ring  at  the  rirrumfereuce  (or,  as  Newton  described 
it,  like  tlie  "  eye  "  iii  a  peacock's  tail) — is  seen ;  and  this 
image  laets  as  long  as  the  pressure  is  continued.  Most 
persons,  again,  have  experienced  the  remarkable  display 
of  subjective  fireworks  which  follows  a  heavy  blow  upon 
the  eyes,  produced  bv  a  fall  from  a  horse,  or  by  other 
methods  well  known  to  English  youtli. 

It  is  doubtful,  however,  whether  these  effects  of  press- 
ure, or  shock,  really  arise  from  the  excitation  of  the  retina 
proper,  or  whether  they  are  not  rather  the  result  of  the 
violence  done  to  the  fibres  of  tlic  optic  nene  apart  from 
the  retina. 

270.  Fnnctum  of  the  Rods  and  Conu. — Tlie  last  para- 
graph raises  a  distinction  between  the  "  fibres  of  the  optic 
nerve"  and  the  "retina"  which  niay  not  have  been  antici- 
pated, but  which  is  of  much  importance. 

We  have  seen  that  the  fibres  of  the  optic  nerve  ramify 
in  the  inner  or  anterior  fourth  of  the  thickness  of  the 
retina,  while  the  layer  of  rods  and  cones  forma  ila  outer 
or  posterior  fourth.  The  light,  therefore,  must  fall  first 
upon  the  fibres  of  the  optic  nerve,  and,  only  after  travers- 
ing them,  can  it  reach  the  rods  and  cones.  Consequently, 
if  the  fibrillie  of  the  optic  nerve  themselves  are  capable  of 
being  aflected  by  light,  the  rods  and  cones  can  only  be 
some  sort  of  supplementary  optical  apparatus.  But,  iu 
fact,  it  is  the  rods  and  cones  which  are  affected  by  light, 
while  the  fibres  of  the  optic  nerve  are  themselves  insensi- 
ble to  it.     The  evidence  on  which  this  statement  rests  is — 

a.  The  blind  spot  is  full  of  nervous  fil>res,  but  has  no 
cones  or  rods. 

b.  The  yellow  spot,  where  the  most  acute  vision  is 
situated,  is  full  of  close-set  cones,  but  has  no  nerve-fibres. 

c.  If  you  go  into  a  dark  room  with  a  single  small  bright 
candle,  and,  looking  towards  a  dark  wall,  move  the  light  up 
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and  dowD,  close  to  ibe  outer  side  of  one  eye,  bo  as  to  allow 
the  ligbt  to  fall  very  obliquely  into  the  eye,  one  of  what  are 
called  Purkitije'ejiffureg  is  seen.  This  is  a  vision  of  a  series 
of  diverging,  branclied,  red  lines  on  a  dark  field,  and  in 
the  interspace  of  two  of  these  lines  ia  a  sort  of  cup-shaped 
disk.  The  red  lines  are  the  retinal  blood-vessels,  and  the 
disk  is  the  yellow  spot.  As  the  candle  is  moved  up  and 
down,  the  red  lines  shift  tbetr  position,  as  shadows  do 
when  the  light  which  throws  tlieni  changes  its  place. 

Now,  as  the  light  falls  on  the  inner  face  of  the  retina, 
and  the  images  of  the  vessels  to  which  it  gives  rise  shift 
their  position  as  it  moves,  whatever  perceives  these  images 
must  needs  lie  on  the  other,  or  outer,  side  of  the  vessels. 
But  llie  fibres  of  the  optic  ner^'e  lie  among  the  vessels,  and 
the  only  retinal  stnictures  which  lie  outside  them  are  the 
granular  layers  and  the  rods  and  cones. 

d.  Just  as,  in  the  skin,  there  is  a  limit  of  distance 
within  which  two  points  give  only  one  impression,  so 
there  is  a  minimum  distance  by  which  two  points  of  light 
falling  on  the  retina  must  be  separated  in  order  to  appear 
as  two.  And  this  distance  corresponds  pretty  well  with 
the  diameter  of  the  cones. 

Thus  it  would  appear  that  these  remarkable  structures, 
set  upon  the  outer  surface  of  the  retina,  are  like  so  many 
fingcrpoints,  endowed  with  a  touch  delicate  enough  to  feel 
the  luminous  vibrations. 

271.  Foimatioii  of  Vunutl  Ideas, — We,  however,  are  not 
only  conscious  of  the  general  sensation  of  light,  we  can 
not  only  appreciate  the  quantity  and  color  of  the  light 
admitted  into  the  eye,  the  rods  and  cones  of  our  retina 
are  not  only  capable  of  converting  luminous  vibrations 
info  stimuli  of  the  optic  nerve,  but  they  can  do  this  in 
such  a  way  that  different  objects  in  the  external  world 
give  rise  to  different  and  distinct  processes  in  the  sensory 
nerve  and  the  parts  of  the  brain  with  which  it  is  con- 
nected, and  so  excite  different  and  distinct  ideas.      For 
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instance,  the  ligbt  coming  from  a  tree  not  only  cBtueB 
luminous  sensations  of  a  certain  intensity  aud  of  certain 
shades  of  color,  but  makes  such  an  impression  on  our 
brain  as  to  give  rise  to  the  idea  of  a  tree.  In  other  words, 
we  possess  the  power  of  distinct  vision  of  objects  which 
are  conceived  as  exterual. 

Now,  one  of  the  conditions  of  distinct  vision  is,  that  a 
sharp,  well-defined  image  of  the  thing  to  be  seen  should 
be  thrown  upon  the  retina,  and  a  great  deal  of  the  iatei^ 
mediate  apparatus  of  the  eye  is  concerned  with  the  pro- 
duction of  this  well-defined  image.  We  often  speak  of 
the  ideas  causnd  by  external  objects  as  itnages  ;  but  it  will 
of  course  be  remembered  that  the  image  on  the  reHna, 
which  is  a  mere  physical  thing,  is  altogether  different  from 
that  mental  image  which  arises  in  consequence  of  changes 
which  the  affection  of  the  retina  causes  in  the  brain,  and 
which  is  an  idea. 
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272.  The  CoiiTex  Lena. — The  physical  agent  which 
gives  rise  to  vision  is  light,  which  is  now  conceived  to  be 
a  very  attenuated  fluid,  the  ether,  vibrating  in  a  particular 
way.  The  properties  of  this  physical  agent,  and  the  prin- 
ciples of  optics,  must  be  studied  elsewhere.  At  present  it 
is  only  necessary  to  advert  to  some  facts,  of  which  every 
one  can  assure  liimself  by  simple  experiments.  An  ordi- 
nory  spectacle-glass  is  a  transparent  body  denser  than  the 
air,  and  convex  on  both  sides.  If  this  leiia  be  held  at  a 
certain  distance  from  a  screen  or  wall  in  a  dark  room,  and 
a  lighted  candle  be  placed  on  the  opposite  side  of  it,  it 
will  be  easy  to  adjust  the  distances  of  candle,  lens,  and 
wail,  so  that  an  image  of  the  flame  of  ihe  candle,  upside 
doivn,  shall  be  thrown  upon  (he  wall. 

273.  Fonnatiaii  of  the  Lmuinoaa  Picture. — The  spot  on 
which  the  image  is  formed  is  called  &  focus.  If  the  candlQ 
be  now  brought  nearer  to  the  lens,  the  image  on  the  W«U  " 
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will  enlarge,  aud  grow  blurred  and  dim,  but  may  be  re- 
stored to  brightness  and  definition  by  moving  the  lens  far- 
ther from  the  wall.  But,  if,  when  the  new  adjustment  has 
taken  place,  the  candle  l>e  moved  away  from  the  lens,  the 
image  will  again  become  confused,  and,  to  restore  its 
clearness,  the  lens  will  iiave  to  be  brought  nearer  the  wall. 

Thufi  a  convex  lens  forms  a  distinct  picture  of  luminous 
objects,  l>ut  only  at  the  focus  on  the  side  of  the  lens  oppo- 
site to  the  object ;  nnd  that  focus  is  nearer  when  the 
object  is  distant,  and  farther  off  when  it  is  near. 

274.  Effect  of  varying  the  Convexity.— Suppose,  how- 
ever, that,  leaving  the  candle  unmoved,  a  lens  with  more 
convex  surfaces  is  eubstituted  for  the  first,  the  image  will 
be  blurred,  and  the  lens  will  have  to  be  moved  nearer  the 
wall  to  give  it  definition.  K,  on  the  other  hand,  a  lens 
with  less  convex  surfaces  is  substituted  for  the  first.  It 
must  be  moved  farther  from  the  wall  to  attain  the  same 
end. 

In  other  words,  other  things  being  alike,  the  more  con- 
vex the  lens,  the  nearer  its  focus ;  the  less  convex,  the 
farther  off  its  focus. 

If  the  lens  were  clastic,  pulling  it  at  tlie  circumference 
would  render  it  flatter,  and  thereby  lengthen  its  focus ; 
while,  when  let  go  again,  it  would  Iwcome  more  convex, 
and  of  shorter  focus. 

Any  material  more  refractive  than  the  medium  in  which 
it  is  placed,  if  it  have  a  convex  surface,  causes  the  rays  of 
light  which  pass  through  the  less  refractive  medium  to 
that  surface  to  converge  towards  a  focus.  If  a  watch-glass 
be  fitted  into  one  side  of  a  box,  and  the  box  be  then  filled 
with  water,  a  candle  may  be  placed  at  such  a  distance  out- 
side the  watch-glass  that  an  image  of  its  flame  shall  fall 
on  the  opposite  waU  of  the  box.  If,  under  these  circum- 
stances, a  doubly  convex  lens  of  glass  were  introduced  into 
the  water  in  the  path  of  the  rays,  it  would  act  (though  less 
powerfully  than  if  it  were  in  air)  in  bringing  the  rays  more 
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quickly  to  a  foaiB,  bec^ufie  glass  refracts  light  mure  strongtj 
tban  water  does. 

A  eamera-obacura  is  a  box,  into  one  side  of  which  a 
lens  is  fittwl,  so  as  to  be  able  to  slide  buckwards  and  for- 
wards, and  thuB  throw  on  the  screen  at  the  back  of  the  box 
distinct  images  of  bodies  at  various  diataneea  off.  Hence 
the  arrangement  just  described  might  be  termed  a  water 


Section  IU. —  Thr  Intermedi'ife  Ajtjiaratm, 

275.  The  Virasl  Hechaniim. — Tiie  intermediat«  organs, 
by  means  of  which  the  physical  agent  of  viBJon,  light,  is 
enabled  to  ai^t  upon  the  exj>ansion  of  the  optic  nerve,  com- 
prise three  kinds  of  apparatus  :  («)  a  "water  camera,"  the 
eyeball ;  {/')  muscles  for  moving  the  eyeball ;  (c)  organs 
for  protecting  the  eyeball,  viz.,  the  eyelids,  with  their 
lashes,  glands,  and  muscles ;  the  conjunctiva ;  and  ibe 
lachrymal  gland  and  its  ducts. 

The  eyeball  is  composed,  in  the  first  place,  of  a  tough, 
firm,  spheroidal  case  consisting  of  fibrous  or  connective 
tissue,  the  greater  part  of  which  is  while  and  opaque,  and 
is  called  the  sclerotic  (Fig.  94,  2).  In  front,  however,  this 
fibrous  capsule  of  the  eye,  though  it  does  not  change  itB 
essential  character,  becomes  transparent,  and  receives  the 
name  of  the  cornea  {Fig.  94,  1),  The  corneal  portion  of 
the  case  of  the  eyeball  is  more  convex  than  the  sclerotic 
portion,  so  that  the  whole  form  of  the  ball  is  such  as  would 
be  produced  by  cutting  off  a  segment  from  the  front  of  a 
spheroid  of  the  diameter  of  the  sclerotic,  and  replacing  this 
by  a  segment  cut  from  a  smaller,  and  consequently  more 
convex,  spheroid. 

276.  The  Enmorfl  and  CryBtalline  Lens.— The  comeo- 
sclerotic  case  of  the  eye  is  kept  in  shape  by  what  are 
termed  the  fiumorg — watery  or  semi-fluid  enbslanees,  one 
of  which,  the  oqueotM  humor  (Fig.  94,  T),  which  is  hardly 
more  than  water  holding  a  few  organic  and  saline  sub- 
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stances  io  solution,  distends  the  corneal  ehamber  of  the 
eye,  while  the  other,  the  vitreous  (fig.  94,  13),  which  is 
rather  a  delicate  jelly  than  a  regular  fluid,  keeps  the  scle- 
rotic chamber  full. 

The  two  humors  are  separated  by  the  very  beautirul, 
transparent,  doubly-convex  crystalline  lens  (Fig,  94,  12), 
denser,  and  capable  of  refracting  light  more  strongly  than 
either  of  the  humors.  The  crystalline  lens  is  composed 
of  fibres  having  a  somewhat  complex  arrangement,  and  is 
highly  elastic.      It  is  more  convex  behind  than  in  front, 
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embedded  in   the  former,  and  lis  anterior  limiting  mem- 
brane touching  the  latter. 

About  a  third  of  the  distance  back  from  the  fnmt  of  the 
eye  the  retina  seems  to  end  in  a  wavy  border  called  the 
ora  aerrata  (Fig.  04,  9),  and  in  reality  the  nervous  ele- 
ments of  the  retina  do  end  here,  having  become  consider- 
ably reJiAed  before  this  line  U  reached.  Some  of  the 
connect ive-tltaue  elements,  however,  pass  on  as  a  delicate 
kind  of  mcuwane  at  the  back  of  the  ciliary  processes 
towards  tlie  crntalline  lens, 

SKPnoN  IV. — Focal  Ar^ustmeut. 

280.  Tbe  Irii  a  Self-regulating  Diaphragm.— The  eye- 
ball, the  most  important  consliluents  nf  which  have  now 
been  described,  is,  in  principle,  a  camera  of  the  kind  de- 
scribed above — a  water  camera.  That  is  to  say,  the  scle- 
rotic answers  to  the  box,  the  cornea  to  the  watch-glass,  the 
aqueous  and  dtreous  humors  to  llie  water  filling  the  box, 
the  crystoDl^to  the  glass  lens,  the  introduction  of  wluch 
was  imagined.     The  back  of  the  box  corresponds  with  the 

But  further,  in  an  ordinary  camera  obscura,  it  is  found 
desirable  to  hare  what  is  termed  a  diaphragm  (that  is,  an 
opaque  plate  with  a  hole  in  its  centre)  in  the  path  of  the 
rays,  for  the  purpose  of  motlerating  the  light  and  cutting 
off  the  marginal  rays  ivhich,  owing  to  certain  optical  prop- 
erties of  spheroidal  surfaces,  give  rise  to  defects  in  the 
image  formed  at  the  focus. 

In  the  eye,  the  place  of  this  diaphragm  is  taken  by  the 
iris,  which  has  tbe  peculiar  advantage  of  being  self-regu- 
lating: dilating  its  aperture,  and  admitting  more  light 
when  the  light  is  weak  ;  but  contracling  its  aperture  and 
admitting  less  light  when  the  illumination  is  strong. 

281.  Hecesaity  of  A^juatment— In  the  water  camera, 
constructed  according  to  the  description  given  above,  there 
is  the  defect  that  no  provision  exists  for  adjusting  the 
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focus  to  the  varying  dtstancea  of  objects.  If  the  bos  were 
BO  made  that  ita  buck,  on  which  the  imago  is  supposed  to 
be  thrown,  received  distinct  images  of  very  distant  ob- 
jects, all  Dear  ones  would  be  indistinct.  And  if,  on  the 
other  hand,  it  were  fitted  to  receive  the  image  of  n 
objects,  at  a  given  distance,  those  of  eitlier  nearer,  or  more 
distant,  bodies  would  be  blurred  and  indistinot.  In  the 
ordinary  camera  this  difficulty  is  overcome  by  sliding  the 
lenses  in  and  out,  a  process  which  is  iK.it  compatible  with 
the  construction  of  our  water  camera.  But,tl]ere  is  clearly 
one  way,  among  many,  in  which  this  adjustment  might  be 
effected — namely,  by  changing  the  glass  lens  ;  putting  in 
a  less  convex  one  when  more  distant  objects  had  to  be 
pictured,  ai.d  a  more  convex  one  when  the  images  of 
nearer  objects  were  to  be  thrown  upon  the  back  of  the 

box. 

But  it  would  come  to  the  same  thing,  and  be  much 
more  convenient,  i^  without  changing  the  lens,  one  and 
the  same  lens  could  be  made  to  alter  its  coOv&tity.  This 
is  what  actually  is  done  in  the  adjustment  of  the  eye  to 
distances. 

288.  Experiment —AdjiKtment  requirei  Effort  —  The 
Amplest  way  of  experimenting  on  the  adjuxtment  of  the 
eye  is  to  stick  two  stout  needles  upright  into  a  straight 
piece  of  wood,  not  exactly,  but  nearly  in  the  same  straight 
line,  so  llint,  on  applying  the  eye  to  one  end  of  the  piece 
of  wood,  one  needle  (a)  shall  be  seen  about  six  inches  off, 
and  the  other  (A)  just  on  one  aide  of  it  at  twelve  inches' 
distance. 

If  the  observer  look  at  the  needle  b,  he  will  find  that 
he  sees  it  very  distinctly,  and  without  the  least  sense  of 
effort;  but  the  image  of  a  is  blurred  and  more  or  less 
double.  Now  lot  him  try  to  make  this  bhured  image  of 
the  needle  a  distinct.  He  will  find  he  can  do  so  reatlily 
enough,  but  that  the  act  is  accompanied  by  a  sense  of 
effort  somewhere   in    the  eye.      And,  in  proportion  as  a 


\ 


ELEMENTARY   PnTSlOLOGT. 

becomes  distinct,  b  will  become  blurred.     Nor  wiH  i 
effort  enable  bim  to  see  a  and  b  distinctly  at  the  same 

283.  The  Kedtanigm  of  AdjuBtmeut  explained. — Multi- 
tudes of  explanations  have  been  piv-en  iif  tbis  remnrknble 
power  of  adjustment,  but  it  is  only  within  the  last  few 
years  that  the  problem  has  been  solved,  by  the  accurate 
determiuation  of  the  nature  of  the  chauges  in  the  eye 
which  accompany  the  act.  When  the  flame  of  a  taper  is 
held  near,  and  a  little  on  one  side  of,  a  person's  eye,  any 
one,  looking  into  the  eye  from  a  proper  point  of  view,  will 
see  three  images  of  Ilie  flame,  two  upright  and  one  in- 
verted.    One  upright  figure  is  reflected  from  the  front  of 
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the  cornea,  which  acts  as  a  conveit  mirror.  The  second 
proceeds  from  the  front  of  the  crystalline  lens,  which  has 
the  same  effect;  while  the  inverted  image  proceeds  from 
the  posterior  face  of  the  lens,  which,  being  convex  back- 
wards, ifl,  of  course,  concave  forwards,  and  acts  as  a  con- 
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Suppose  the  eye  to  be  steadily  fixed  on  a  dtstaut  ob- 
ject, and  then  adjusted  to  a  near  one  in  the  same  line  of 
vision,  the  position  of  the  eyeball  remaining  unchanged. 
Then  tlie  upright  image  reflected  from  the  surface  of  ibe 
cornea,  and  the  inverted  image  from  the  back  of  the  lens, 
will  remain  unchanged,  though  it  is  demonstrable  that 
their  size  or  apparent  position  must  change  if  either  the 
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oonicii,  or  ihe  back  of  the  lens,  alter  either  thoir  form  or 
tlieir  position.  But  the  second  upright  image,  that  re- 
flected by  the  front  &ce  of  the  lens,  does  change  both  its 
size  and  its  position ;  it  comes  forward  and  grows  smaller, 
proving  that  the  front  face  of  the  lens  has  become  more 
convex.  The  change  of  form  of  the  lens  is,  in  fact,  that 
represented  in  Fig.  Oh. 

These  may  be  regarded  as  ihe  facta  of  adjustment,yf\t}i 
which  all  explanations  of  that  process  must  accord.  They 
at  once  exclude  the  hj-potheses  (1)  that  adjustment  is  the 
result  of  the  compression  of  the  ball  of  the  eye  by  its  mus- 
cles, which  would  cause  a  change  in  the  form  of  the  cornea ; 
(2)  that  adjustment  results  from  a  shifting  of  the  lens 
Iwdily,  for  its  hinder  face  does  not  move ;  (3)  that  it  re- 
sults from  the  pressure  of  the  iris  upon  the  front  face  of 
the  lens,  for  under  these  circumstances  the  hinder  face  of 
the  lens  would  not  remain  stationary.  This  last  hypothesis 
is  further  negatived  by  the  fact  that  adjustment  takes  place 
equally  well  when  the  iris  is  absent. 

One  other  explanation  remains,  which  is,  in  all  proba- 
bility,  the  true  one,  though  not  altogether  devoid  of  diffi- 
culties. The  lens,  which  is  very  elastic,  is  kept  habitually 
in  a  state  of  tension  by  the  elasticity  of  its  suspensory  liga- 
ment, and  consequently  has  a  flatter  form  than  it  would 
take  if  left  to  itself.  If  the  ciliary  muscle  contracts,  it 
must,  as  has  been  seen,  relax  that  ligament,  and  thereby 
diminish  its  elastic  tension  upon  the  lens.  The  lens,  con- 
sequently, will  become  more  convex,  returning  to  its  fonner 
shape  when  the  ciliarj-  muscle  ceases  to  contract,  and  allows 
the  choroid  to  return  to  its  ordinary  place. 

If  this  be  the  true  explanation  of  adjustment,  the  sense 
of  effort  we  feel  must  arise  from  the  contraction  of  the 
ciliary  muscle. 

284.  Limits  of  the  Power  of  A^ostment — Adjustment 
can  take  place  only  within  a  certain  range,  which  admits 
of  great  individual  variations.     As  a  rule,  no  object  which 
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IB  brought  witbia  less  than  about  tcu  inches  of  the  eye  o 
beseen  distinctly  without  effort.  ^ 

liut  many  persons  are  bom  with  the  surface  of  the  i 
cornea  more  convex  than  usual,  or  with  the  refractJTe 
power  of  the  eye  increased  in  some  other  way ;  whih 
very  generally,  us  age  draws  on,  the  comea  flattens.  In 
the  former  case,  objects  at  ordinary  distances  are  si 
distinctly,  because  these  images  fall  not  on  the  retina,  but 
in  front  of  it ;  while,  in  the  latter,  the  same  indistinctness 
is  the  result  of  the  mys  of  light  striking  upon  the  retina 
before  they  have  been  brought  to  a  focus.  The  defect  of 
the  former,  or  short-sighted  people,  is  amended  by  wearinff 
concave  glasses,  which  cause  the  rays  to  diverge;  of  the 
latter,  or  long-sighted  people,  by  wearing  convex  glasses, 
which  make  tlie  rays  converge. 

In  the  water  camera  the  image  brought  to  a  focus  on 
the  screen  at  the  back  is  inverted  ;  the  image  of  a  tree,  for 
instance,  is  seen  with  the  roots  upwards  and  the  leaves  and 
branches  hanging  downwards.  The  right  of  the  image 
also  corresponds  with  the  left  of  the  object,  and  vice  versa. 
Exactly  the  same  thing  takes  place  in  the  eye  with  the 
imago  focussed  on  the  retina.     It,  too,  is  inverted.     (See 
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285,  Hnaclei  of  the  Eyeball. — Tlie  m-uacles  which  move 
the  cyebaU  are  altogctliiT  six  in  number — four  straight 
muscles,  or  recti,  and  two  oblique  muscles,  the  obliqui 
{Fig.  97).  The  straight  muscles  are  attached  to  the  back 
of  the  orbit,  round  the  edges  of  the  liole  through  which 
the  optic  nerve  passes,  and  run  straight  forward  to  their 
insertions  into  the  sclerotic — one,  the  sitperior  rectiu,  in 
the  middle  line  above;  one,  the  inferior,  opposite  it  be- 
low; and  one  half-way  on  each  side,  tlie  ea^emal  and  in- 
ferno/ recti.  The  eyeball  is  completely  embedded  in  fat 
behind  and  laterallv ;  and  thrae  muscles  turn  it  as  on  a 
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cushion ;  the  superior  rectus  inclining  tlie  axis  of  the 
upwards,  the  inferior  downwards,  the  external  outwards, 
the  internal  inwards. 

The  two  oblique  muscles  a.re  both  attached  ou  the  outer 
side  of  the  ball,  and  rather  behind  its  centre;  and  they 
both  pull  in  a  direction  from  the  point  of  attachment  tow- 
ards the  inner  side  of  the  orbit — the  lower,  because  it  arises 
here;  the  upper,  because,  though  it  arises  along  with  the 
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recti  from  the  baalc  of  the  orbit,  jet,  after  passing  forwards 
and  becoming  tendinous  at  the  upper  and  inner  corner  of 
the  orbit,  it  traverses  a  pulley-like  loop  of  ligament,  and 
then  turns  downwards  and  outwards  to  its  insertion.  The 
action  of  the  oblique  muscles  is  somewhat  complicated,  but 
their  general  tendency  is  to  roll  the  eyeball  on  its  axis,  and 
pull  it  a  little  forward  and  inward. 

286.  The  Eyelide.— The  tydidg  arc  folds  of  skin  con- 
taining thin  plates  of  cartilage,  and  fringed  at  their  edges 
with  hairs— the  eyelashes — and  with  a  series  of  small  glands 
called  Meibomian.      Circularlj'-disposcd  fibres  of  striped 
13 
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muscle  lie  beneath  the  integuments  of  the  eyelids,  and  con- 
stitute the  orbicularis  muscle  which  shuts  them.  Tho 
upper  eyelid  ia  raised  by  a  special  muscle,  the  levator  of 
the  upper  lid,  which  arises  at  the  back  of  the  orbit  and 
nins  forwards  to  end  in  the  lid. 

The  lower  lid  has  no  special  depressor. 


Fro.  ss. 
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287,  The  Lachrymal  Apparatus. — At  the  edge  of  the 
eyelids  the  integument  becomes  continuous  with  a  deli- 
cate, vascular,  and  higlily-nervous  mucous  membrane,  the 
conjunctiva,  which  lines  the  interior  of  the  lids  and  tha 
front  of  the  eyeball,  its  epithelial  layer  being  even  con- 
tinued over  the  cornea.  The  numerous  .small  ducts  of  s 
gland  which  is  lodged  in  the  orbit,  on  the  outer  side  of  the 
ball  {Fig.  93,  Z.  Q\  the  lachrymal  gland,  constantly  pour 
its  watery  secretion  into  the  interspace  between  the  con- 
junctiva lining  the  upper  eyelid  and  that  covering  the 
bail.  On  the  inner  side  of  the  eye  is  a  reddish  fold,  the 
caruncula  lachrymal  is,  a  sort  of  rudiment  of  that  third 
eyelid  which  is  to  be  found  in  many  animals.  Above  and 
below,  close  to  the  caruncula,  the  edge  of  each  eyelid  pre- 
sents a  minute  aperture  (the  ptinctum  lachrymals),  the 
opening  of  a  small  canal.     The  canals  from  above  and  be- 
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low  converge  and  open  into  the  lachrymal  sac  /  the  upper 
blind  end  of  a  duct  (Z,,D.,  Fig.  99),  which  pasaeH  down 
from  the  orbit  to  the  nose,  opening  below  the  inferior  tur- 
binal  bone  (Fig.  49,  k).    It  is  through  this  s^'stein  of  canals 
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that  the  conjunctival  tnticous  membrane  is  continuous  with 
that  of  the  noee ;  and  it  is  hy  them  that  the  secretion  of 
the  lachrymal  canal  is  ordinarily  carried  away  as  fast  as 
it  forms. 

But,  under  certain  circumstances,  as  when  the  conjunc- 
tiva is  irritated  by  pungent  vapors,  or  when  painful  emo- 
tions arise  in  the  mind,  the  secretion  of  the  lachrymal  gland 
exceeds  the  drainage-power  of  the  lachrymal  duct,  and  the 
fluid,  accumulating  between  the  lids,  at  length  overflows 
in  the  form  of  tears. 


I 


CHAPTER   X. 

SENSATIONS   ANO  JUDGMENT. 

Section  I. —  Compound  Sensations. 
288.  Our  Senutiona  mostly  Composite.  —  In  explaining 
the  functions  of  the  sensory  organs,  I  have  hitherto  con- 
fined myself  to  describing  the  means  by  which  the  physical 
agent  of  a  sensation  is  enabled  to  irritate  a  given  sensory 
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nerve ;  and  to  giving  some  account  of  the  simple  sensationi  I 
which  are  thus  evolved. 

Simple  seneutioni  of  lliis  kind  are  aueh  as  might  be  pro-  ] 
duced  by  the  irritation  of  a  single  nerve-Kbre,  or  of  sei 
nerve-fibres  by  the  same  agent.  Such  are  the  sensations  ] 
of  contact,  of  warmth,  of  sweetness,  of  an  odor,  of  a  musical  J 
note,  of  whiteness,  or  redness. 

But  very  few  of  our  seusations  are  thus  simple.  Most  | 
of  even  those  which  we  are  in  the  habit  of  regarding  a 
simple,  are  really  compounds  of  different  sensations,  or  of 
sensations  with  ideas,  or  witli  judgments.  For  example, 
in  the  preceding  cases,  it  is  very  difficult  to  separate  the 
sensation  of  contact  from  the  judgment  that  something  is 
touching  ua ;  of  sweetness,  from  the  Jdea  of  something  in 
the  mouth;  of  sound  or  light,  from  the  judgment  that 
something  outside  us  is  shining,  or  eoimding.  . 

2S9.  Seniationi  of  Smell  the  Bimplegt. — The  scnsationa  J 
of  smell  are  those  which  are  least  complicated  by  acoefr- 
sories  of  this  sort.     ITius,  particles  of  musk  diffuse  them- 
selves with  great  rapidity  through  the  nasal  passages,  and 
give  rise  to  the  sensation  of  a  powerful  odor.     But  beyond 
a  broad  notion  that  the  odor  is  in  the  nose,  this  sensation 
is  unaccompanied  by  any  ideas  of  locality  and  direction.  ] 
Still  less  does  it  give  rise  to  any  conception  of  form,  or  1 
size,  or  force,  or  of  succession,  or  contemporaneity, 
man  had  no  other  sense  thon  that  of  smcU,  and  musk  were  ] 
the  only  odorous  body,  he  could  have  no  sense  of  outnet 
— no  power  of  distinguishing  between  the  external  woiid  1 
and  himself, 

290.  AnalysiB  of  a  Tactile  SensatioiL  —  Contrast  this  I 
with  what  may  seem  to  be  the  equally  simple  sensation  , 
obtained  by  drawing  the  finger  along  the  table,  the  eyes 
being  shut.  This  act  gives  one  the  sensation  of  a  flat,  hard 
surface  outside  one's  self,  which  appears  to  be  just  as  simple 
as  the  odor  of  musk,  but  is  really  a  complex  state  of  feel- 
ing' compounded  of: 


COMPOUND   SENSATIONS. 


(a)  Pure  aensationa  of  contact, 

(i)  Pure  muscular  sensiitions  of  two  kinds — the  one 
arisiDg  from  the  resistatice  of  the  table,  the  other  from  the 
actions  of  those  muscles  which  draw  the  finger  along. 

(c)  Ideas  of  the  order  in  which  theae  pure  sensations 
succeed  one  another. 

((f)  Comparisons  of  these  sensations  and  their  order, 
with  the  recollection  of  like  sensations  similarly  arranged, 
which  have  been  obtained  on  previous  occasions. 

(e)  Recollections  of  the  impressions  of  extension,  flat- 
.ness,  etc,  made  on  the  organ  of  vision  when  these  previous 
tactile  and  muscular  sensiitions  were  obtained. 

Thus,  in  this  case,  the  only  pure  sensations  are  those 
of  contact  and  muscular  action.  The  greater  part  of  what 
we  call  the  sensation  is  a  complex  mass  of  present  and 
recollected  ideas  and  judgments. 

291.  Cmnplezity  of  the  Kotion  of  Ronndnets.  —Should 
any  doubt  remain  that  we  do  tiius  mix  up  our  sensations 
with  our  judgments  into  one  indistinguishable  whole,  shut 
the  eyes  as  before,  and,  instead  of  touching  the  table  with 
the  finger,  take  a  round  lead-pencil  between  the  fingers, 
and  draw  that  along  the  table.  The  "sensation"  of  a  flat 
hard  surface  will  be  just  as  clear  as  before;  and  yet  all 
that  we  touch  is  the  round  surface  of  the  pencil,  and  tlie 
only  pure  sensations  we  owe  to  the  table  are  those  afforded 
by  the  muscular  sense.     In  fact,  in  this  case,  our  "  sensa- 

Ition"  of  a  flat  hard  surface  b  entirely  a  judgment  based 
upon  what  the  muscular  sense  tells  us  is  going  on  in  cei^ 
tain  muscles. 
A  still  more  striking  case  of  the  tenacity  with  which 
we  adhere  to  complex  judgments,  which  we  conceive  to  be 
pure  sensations,  and  are  unable  to  analyze  othernise  than 
by  a  process  of  abstract  reasoning,  is  afforded  by  our  sense 
of  roundness. 
Any  one  taking  a  marble  between  two  fingers  will  say 
that  he  feels  it  to  be  a  single  round  bodv;  and  he  will 
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probably  be  as  much  at  a  loss  to  answer  the  queetion  how  I 
he  kuows  that  it  is  round,  as  he  would  be  if  he  were  asked  ] 
how  be  knows  that  a  scent  is  a  scent. 

Nevertheless,  this  notiou  of  the  roundness  of  the  marble  J 
is  really  a  very  comples  judgment,  and  that  it  is  so  may  I 
be  shown  by  a  simple  experiment.  If  the  index  and  middle 
fingers  be  crossed,  and  the  marble  placed  between  thet 
so  as  to  be  in  contact  with  both,  it  is  utterly  impossible  to  I 
avoid  the  belief  that  there  are  two  marbles  instead  of  one- 
Even  looking  at  the  marble,  and  seeing  that  there  is  only  i 
one,  does  not  weaken  the  apparent  proof  derived  from  ■] 
touch  that  there  are  two.' 

The  fact  is,  that  our  notions  of  singleness  and  round- 
ness are,  really,  highly- complex  judgments  based  upon  s    ' 
few  simple  Bensations;  and,  when  the  ordinary  condition* 
of  those  judgments  are  reversed,  the  judgment  is  also  re- 
versed. 

With  the  index  and  middle  fingera  in  their  ordinary 
position,  it  is,  of  course,  impossible  that  the  outer  sides  of 
each  should  touch  opposite  surfaces  of  one  spheroidal  body,    , 
If,  in  the  natural  and  usual  position  of  the  fingers,  their 
outer  surfaces  simultaneously  give  us  the  impression  of  a    , 
spheroid  (which  itself  is  a  complex  judgment),  it  is  in  the   ' 
nature  of  things  that  there  must  be  two  spheroids.     But, 
when  the  fingers  are  crossed  over  the  marble,  the  outeTr  I 
side  of  each  finger  is  really  in  contact  with  a  spheroid; 
and  the  mind,  taking  no  cognizance  of  the  crossing,  judges  j 
in  accordance  with  its  universal  experience,  that  two  sphe-  j 
roids,  and  not  one,  give  rise  to  the  sensations  which  are  j 
perceived. 

pEonoN"  II, — Delusions  of  JiiJffineiit. 
There  a.re  no  "Delnsioiu  of  the  Senses."  —  Phe- 
of  this  kind  are  not  imcommonly  called  delusions 
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of  the  senses;  but  there  is  no  such  thing  as  a  fictitious,  or 
delusive,  sensation.  A  sensation  must  exist  to  be  a  sensa^ 
tion,  and,  if  it  exist?,  it  is  real  and  not  delusive.  But  the 
judgments  wc  form  respecting  the  causes  and  conditions 
of  the  sensations  of  which  we  are  aware,  are  very  often 
erroneous  and  delusive  euougli ;  and  such  judgments  may 
be  brought  about  in  the  domain  of  every  sense,  either  by 
ortiiicial  combinations  of  sensations,  or  by  the  influence  of 
unusual  conditions  of  the  body  itself.  The  tatter  give  rise 
to  what  are  called  subjective  aensatiojis. 

Mankind  would  be  subject  to  fewer  delusions  than  they 
are,  if  they  constantly  bore  in  mind  their  liability  to  false 
judgments  due  to  unusual  combinations,  either  artificial  or 
natural,  of  true  sensations.  Men  say :  "  I  felt,"  "  I  heard," 
"  I  saw  "  such  and  such  a  thinjf,  when,  in  ninety-nine  cases 
out  of  a  hundred,  what  they  really  mean  is  that  they 
judge  that  certain  sensations  of  touch,  hearing,  or  sight, 
of  which  they  were  conscious,  were  caused  by  such  and 
such  things. 

293.  SabjectiTe  Seniatioiu.  —  Among  eu^ecthe  aenaa- 
^H  tion»  within  the  domain  of  touch,  are  the  feelings  of  creep- 

^H  ing  and  prickling  of  the  skin,  which  are  not  uncommon  in 

^H  certain  states  of  the  circulation.    The  subjective  evil  smells 

^H  and  bad  tastes  which  accompany  some  diseases  ore  very 

^H  probably  due  to  similar  disturbances  in  the  circulation  of 

^H  the  sensory  organs  of  smell  and  taste. 

^H  Many  persons  are  liable  to  what  may  be  called  avditory 

^H  aperfm— music  of  various  degrees  of  complexity  sounding 
^H  in  their  ears,  without  any  external  cause,  while  they  are 
^H  wide  awake.     I  know  not  if  other  persons  are  similarly 

^H  troubled,  but,  in  reading  books  written  by  persons  with 

^H  whom  I  am  acquainted,  I  am  sometimes  tormented  by 
^H  bearing  the  words  pronounced  in  the  exact  way  in  which 
^H  these  persona  would  utter  them,  any  trick  or  peculiarity 
^H  of  voice,  or  gesture,  being  also  very  accurately  reproduced. 
^^1         And  I  suppose  that  every  one  must  have  been  startled,  at 
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times,  b^  the  esti-eme  distinctness  with  which  his  thoughts 
have  embodied  tliem selves  in  apparent  voices. 

The  most  wonderftil  eKemplilicatioDs  of  subjective  sen- 
sation,  however,  are  afforded  by  the  organ  of  sight. 

Any  one  who  has  witnessed  the  sufferings  of  a  man 
hkboring  under  delirium  tremens  (a  disease  produced  by 
excessive  drinking),  from  the  marveious  distinctness  of 
his  visions,  whioh  eometimes  take  the  forma  of  devils, 
sometimes  of  creeping  animals,  but  almost  always  of  some- 
thing fearful  or  loathsome,  will  not  doubt  the  intensity  of 
subjective  sensations  in  the  domain  of  vision. 

394u  Kemarkable  Case  of  DeliuiTe  Appearaaces.  —  But 
that  illusive  visions  of  great  distinctness  should  appear,  it 
is  not  necessary  for  the  nervous  system  to  be  thus  obviously 
deranged.  People  in  the  full  possession  of  their  faculties, 
and  of  high  intelligence,  may  be  subject  to  such  appear- 
ances,  for  which  no  distinct  cause  can  be  assigned.  An 
excellent  Ulustration  of  this  is  the  famous  case  of  Mrs,  A., 
given  by  Sir  David  Brewster  in  his  "  Natural  Mugio :  " 

"(1)  The  first  illusion  to  which  Mrs.  A,  was  subject, 
was  one  which  affected  only  the  ear.  On  the  21st  of  De- 
cember, 1830,  about  half-past  four  in  the  afternoon,  she  was 
standing  near  the  fire  in  the  hall,  and  on  the  point  of  going 
up  to  dress,  when  she  heard,  as  she  supposed,  her  husband^s 

voice  calling  her  by  name ;  ' , ,  come  here  I  come 

to  me  ! '  She  imagined  that  he  was  calling  at  the  door  to 
have  it  opened;  but,  upon  going  there  and  opening  the 
door,  she  was  surprised  to  find  no  person  there.  Upon 
returning  to  the  (ire  she  again  heard  the  same  voice  call- 
ing out  very  distinctly   and  loudly,    * ,  come,  come 

here  t '  She  then  opened  two  other  doors  of  the  same 
room,  and,  upon  seeing  no  person,  she  returned  to  the  fire- 
place. After  a  few  moments  she  heard  the  same  voice  still 
calling,  '  Come  to  me,  come  I  come  away ! '  in  a  loud,  plain- 
tive, and  somewhat  impatient  tone ;  she  answered  as  loud- 
ly, 'Where  are  you?     I  don't  know  where  you  are,'  still 
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iiDagiiiiag  that  he  was  somewhere  in  search  of  her ;  but, 
receiviug  no  answer,  she  shortly  went  up-stairs.  On  Mr. 
A.'a  return  to  the  house,  about  half  an  hour  afterwards, 
she  inquired  why  he  had  called  her  so  often,  and  where  he 
was,  and  she  was  of  course  greatly  surprised  to  learn  that 
he  bad  Dot  been  near  the  house  at  the  time.  A  similai 
illusion,  which  excited  no  particular  notice  at  the  time, 
occurred  to  Mrs.  A.  when  residing  at  Florence,  about 
ten  years  before,  and  when  she  was  in  perfect  health. 
When  she  was  undressing  after  a  ball,  she  heard  a  voice 
call  her  repeatedly  by  name,  and  she  was  at  that  Lime  un- 
able to  account  for  it. 

"  (2)  The  next  illusion  which  occwrretl  to  Mrs.  A.  was 
of  a  more  alarming  character.  On  the  30th  of  December, 
about  four  o'clock  iu  the  afternoon,  Mrs.  A.  came  down- 
stairs into  the  drawing-room,  which  she  had  quitted  only 
a  few  minutes  before,  and,  on  entering  the  room,  she  saw 
her  husband,  as  she  supposed,  standing  with  his  bock  to 
the  Rre.  As  he  had  gone  out  to  take  a  walk  about  half 
an  hour  before,  she  was  surprised  to  see  him  there,  and 
asked  him  why  he  had  returned  so  soon.  The  figure  looked 
fixedly  at  her  with  a  serious  and  thoughtful  expression  of 
countenance,  but  did  not  speak.  Supposing  that  his  mind 
was  absorbed  in  thought,  she  sat  down  in  an  arm-chair  near 
the  fire,  and  within  two  feet,  at  most,  of  the  figure,  which 
she  stiU  saw  standing  before  her.  As  its  eyes,  however,  still 
continued  to  be  fixed  iipcs  her,  she  said,  after  a  lapse  of  a 
few  minutes,  '  Why  don't  you  apeak  ? '  The  figure  imme- 
diately moved  off  towards  the  window  at  the  farther  end 
of  the  room,  with  its  eyes  still  gazing  on  her,  and  it  passed 
so  very  close  to  her  in  doing  so,  that  she  was  struck  with 
the  circumstance  of  hearing  no  step  or  sound,  nor  feeling 
her  clothes  bnisbed  against,  nor  even  any  agitation  in 
the  air. 

*'  Although  she  was  now  convinced  that  the  figure- was 
not  her  husband,  vet  she  never  for  a  moment  supposed  that 
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it  waa  any  thing  supernatural,  and  was  soon  convinced  tliat 
it  was  a  Epectnil  illuGion.  As  soon  as  this  conviction  had 
established  itself  in  her  miud,  she  recollected  the  experi' 
ment  which  I  hud  suggested  of  trying  to  double  the  ob< 
jpct;  but,  before  she  was  able  distinctly  to  do  this,  the 
figxxre  had  retreated  to  the  window,  where  it  disappeared. 
Mrs.  A.  immediately  followed  it,  shook  the  curtains,  and 
examined  the  window,  the  impression  having  been  so  dis- 
tinct and  forcible,  that  she  wa^  unwilling  to  believe  that  it 
was  not  a  reality.  Finding,  liowever,  that  the  6gure  had 
no  natural  means  of  escape,  she  was  convinced  that  she  had 
Been  a  spectral  apparition  like  that  recorded  in  Dr.  Hib- 
bert's  work,  and  she  consequently  felt  no  alarm  or  agita- 
tion. The  appearance  was  seen  in  bright  daylight,  and 
lasted  four  or  five  minutes.  MHien  tlic  figure  stood  close 
to  her,  it  concealed  the  real  objects  behind  it,  and  the  ap- 
parition was  fully  as  vivid  as  llie  reality. 

"  (3)  On  these  two  occasions  Mrs.  A,  was  alone,  but, 
when  the  next  phantom  appeared,  her  husband  was  pres- 
ent This  took  place  on  the  4th  of  .Tiuiuary,  1S30.  About 
ten  o'clock  at  night,  when  Mr.  and  Mrs,  A.  were  sitting  in 
the  drawing-room,  Mr.  A.  took  up  the  poker  to  stir  the 
6re,  and,  when  he  was  in  the  act  of  doing  this,  Mrs.  A.  es- 
elaimed,  '  Why,  there's  the  cat  in  the  room!'  'Where?' 
exclaimed  Mr.  A.  'There — close  to  you,'  she  replied. 
'Where?'  he  n^peated.  'Why,  on  the  rug,  to  be  sure, 
between  yourself  and  the  coal- scuttle.'  Mr.  A.,  who  still 
had  the  poker  in  his  hand,  pushed  it  in  the  direction  men- 
tioned. '  Take  care  1 '  cried  Mrs.  A.,  '  take  care  !  you  are 
hitting  her  with  the  poker.'  Mr.  A,  again  asked  her  to 
point  out  exactly  where  she  saw  the  cat.  She  replied, 
'  Why,  sitting  up  there  close  to  your  feet  on  the  rug;  she 
is  looking  at  me.  It  is  Kitty — come  here,  Kitty  ! '  There 
were  two  cats  in  the  house,  one  of  which  went  by  this 
name,  and  they  were  rarely,  if  ever,  in  the  drawing-room, 

"  At  this  time  Mrs.  A.  had  no  idea  that  the  sight  of  the 
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was  an  illusion.  When  she  was  asked  to  touch  it, 
got  up  for  the  purpose,  and  seemed  as  if  she  was  pursuing 
something  vvliich  moved  away.  She  followed  a  few  steps, 
and  then  said,  '  It  has  gone  under  the  chair.'  Mr.  A.  as- 
sured her  that  it  was  an  illusion,  but  she  would  not  believe 
it.  He  then  lifted  up  the  chair,  and  Mrs.  A.  saw  nothing 
more  of  it.  The  room  was  searched  all  over,  and  nothing 
found  in  it.  There  was  a  dog  lying  on  the  hearth,  who 
would  have  betrayed  great  uneasiness  if  a  cat  had  been  in 
the  room,  but  he  lay  perfectly  quiet.  In  order  to  be  quite 
certain,  Mr.  A.  rang  the  bell,  and  sent  for  the  cats,  both  of 
which  were  found  in  the  house-kceper'a  room, 

"(4)  About  B  month  after  this  occurrence,  Mrs.  A., 
who  had  taken  a  somewhat  fatiguing  drive  during  the  day, 
was  preparing  to  go  to  bed  about  eleven  o'clock  at  night, 
and,  sitting  before  the  dressing-glass,  was  occupied  in  ar- 
ranging her  hair.  She  was  in  a  listless  and  drowsy  stata 
of  mind,  but  fully  awake.  Wlien  her  fingers  were  in  active 
motion  among  the  papillotes,  she  was  suddenly  startled  by 
seeing  in  the  mirror  the  figure  of  a  near  relative,  who  wad 
then  in  Scotland,  and  in  perfect  health.  The  apparition 
appeared  over  her  left  shoulder,  and  its  eyes  met  hera 
in  the  glass.  It  was  enveliiped  in  grave-clothes,  closely 
pinned,  as  is  usual  with  corpses,  round  the  head  and  under 
the  chin ;  and,  though  the  eyes  were  open,  tlie  features 
were  solemn  and  rigid.  The  dress  was  evidently  a  shroud, 
as  Mrs.  A.  remarked  even  the  punctured  pattern  usually 
worked  in  a  peculiar  manner  round  the  edges  of  that  gar- 
ment. Mrs.  A,  described  herself  as,  at  the  time,  sensible 
of  a  feeling  like  what  we  conceive  of  fascination,  compel- 
ling her,  for  the  time,  to  gaze  upon  this  melancholy  appa- 
rition, which  was  as  distinct  and  vivid  as  any  reflected 
reality  could  be,  the  light  of  the  candle  upon  the  dressing- 
table  appearing  to  shine  fully  upoTi  its  face.  After  a  few 
minutes  she  turned  round  to  look  for  the  reality  of  the  form 
over  her  shoulder,  but  it  was  not  visible,  and  it  had  also 
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disappeared  from  tlie  glass  when  she  looked  again  in  that 
directiou. 

"  (7)  On  the  17th  of  March,  Mrs.  A.  was  preparing  for 
bed.  She  had  dismissed  her  maid,  and  was  Eitting  with 
her  feet  in  hot  water.  Having  an  escellent  memory,  she 
had  been  thiDking  upon  and  repeating  to  herself  a  striking 
passage  in  the  Edinburgh  Jieoieio,  when,  on  raising  her 

1,  she  saw  seated  in  a  hirge  easv-chair  before  her  the 
figure  of  a  deceased  friend,  the  sister  of  Mr.  A.  The  figure 
was  dressed,  as  had  been  usual  with  her,  with  great  neat- 
ness, but  in  a  gown  of  a  peculiar  kind,  sueh  as  Mrs.  A.  had  - 
never  seen  her  wear,  but  exactly  such  as  had  been  de* 
scribed  to  her  by  a  common  friend  as  having  been  worn 
by  Mr.  A.'s  sist«r  during  her  last  visit  to  England.  Mrs. 
A.  paid  particular  altention  to  the  dress,  air,  and  appear- 
ance of  the  figure,  which  Bat  in  au  eusy  altitude  in  the 
chair,  holding  a  handkerchief  in  one  hand.  Mrs,  A.  tried 
to  speak  to  it,  but  experienced  a  difficulty  in  doing  so,  and 
in  about  three  minutes  the  figure  disappeared. 

"About  a  minute  afterwards,  Mr.  A.  came  into  the 
room,  and  found  Mrs.  A.  slightly  nervous,  but  fully  aware 
of  the  delusive  nature  of  the  apparition.  She  described  it 
as  baring  all  the  vivid  coloring  and  apparent  reality  of 
life ;  and  for  some  hours  preceding  this  and  other  visions, 
she  experienced  a  peculiar  sensntion  in  ber  eyes,  which 
seemed  to  be  relieved  when  the  vision  had  ceased. 

"  (9)  On  the  11th  of  October,  when  sitting  in  the  draw- 
ing-room, on  one  side  of  the  fireplace,  she  saw  the  figure 
of  another  deceased  friend  moving  towards  her  fix»m  the 
window  at  the  farther  end  of  the  room.  It  approached 
the  fireplnco,  and  sat  down  in  the  chair  opposite.  Aa  there 
were  several  persons  in  the  room  at  the  time,  she  describes 
the  idea  uppermost  in  her  mind  to  have  been  a  fear  lest 
they  should  be  alarmed  at  her  staring,  in  the  way  she  was 
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conscious  of  doing,  at  vacancy,  and  should  fancy  her  intel- 
lect disordered.  Under  the  influence  of  this  fear,  snd 
recollecting  a  story  of  a  similar  effect  in  your '  work  on 
'  Demonology,'  which  she  had  lately  read,  she  summoned 
up  the  requiaile  resolution  lo  enable  her  to  cress  the  space 
before  the  fireplace,  and  seat  herself  in  the  same  chair  with 
the  figure.  The  apparition  remained  perfectly  diatinct  til! 
she  sat  down,  as  it  were,  in  its  lap,  when  it  vanished." 

296,  Femnal  Cliaracteriitics. — It  should  be  mentioned 
that  Mrs.  A.  was  naturally  a  p(?rson  of  very  vivid  imagina- 
tion, and  that,  at  the  time  the  moat  notable  of  these  illu- 
sions appeared,  her  health  was  weak  from  bronchitis  and 
enfeebled  digestion. 

It  is  obvious  that  nothing  but  the  singular  courage  and 
clear  intellect  of  Mrs.  A.  prevented  her  from  becoming  a 
mine  of  ghost-stories  of  the  most  excellently  authenticated 
kind.  And  the  particular  value  of  her  history  lies  in  its 
showing  that  the  clearest  testimony  of  the  most  unim- 
pe-achable  witness  may  be  quite  inconclusive  as  to  the 
objective  reality  of  something  which  the  witaess  has  seen. 

286.  The  Sensea  not  at  Fault— Mrs.  A.  undoubtedly 
saw  what  she  said  she  saw.  The  evidence  of  her  eyes  as 
to  the  existence  of  the  apparitions,  and  of  her  ears  to  those 
of  the  voices,  was,  in  itself,  as  perfectly  trustworthy  as 
their  evidence  would  have  been  had  the  objects  really  ex- 
isted. For  there  can  be  no  doubt  that  exactly  those  parts 
of  her  retina  which  would  have  been  affected  by  the  image 
of  a  cat,  and  those  parts  of  hnr  auditory  organ  which  would 
have  been  set  vibrating  by  her  husband's  voice,  or  the  por- 
tions of  the  sensorium  with  which  those  organs  of  sense 
are  connected,  were  thrown  into  a  corresponding  state  of 
activity  by  some  internal  cause. 

What  the  senses  testify  is  neither  more  nor  leas  than 
the  fact  of  their  own  affection.     As  to  the  cause  of  that 

1  sir  Wiltar  Scott,  lo  yihea  Sir  David  Br«wgtei!s  -LalHn  on  NUonl  U^Ib' 
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affection  they  really  say  nolhing,  but  leave  the  mind  to 
form  its  own  judgment  on  the  matter,  A  hasty  or  super- 
Btitioua  person  in  Mrs.  A.'s  place  would  have  formed  a 
wrong  judg'tneiil,  and  would  buve  stood  by  it  on  the  plea 
that  "  she  must  believe  ber  senses." 

297,  Veiitriioc[niain. — The  delusions  of  the  judgment, 
produced  not  by  abnormal  conditions  of  tlie  body,  but  by 
unusual  or  artificial  combinations  of  serisations,  or  by  sug^ 
gestions  of  ideas,  arc  exceedingly  numerous,  and  occasion- 
ally arc  not  a  tittle  remarkable. 

Some  of  those  which  arise  out  of  the  sensation  of  touch 
have  already  been  noted.  1  do  not  know  of  any  produced 
through  smell  or  taste,  but  bearing  ia  a  fertile  source  of 
such  errors. 

What  is  called  vtntriloquism  (speaking  from  the  belly), 
and  is  not  uncommonly  ascribed  to  a  mysterious  power  of 
producing  voice  somewhere  else  than  in  the  larynx,  de- 
pends entirely  upon  the  accuracy  with  which  the  performer 
can  simulate  sounds  of  a  particular  char.icter,  and  upon 
the  skill  with  wliieh  he  can  suggest  a  Iwlicf  in  the  exist- 
ence of  the  causes  of  these  sounds.  Thus  if  the  ventrilo- 
quist desire  to  create  the  belief  that  a  voice  issues  from 
the  bowels  of  the  earth,  he  imitates  with  great  accuracy 
the  tones  of  such  a  half-stifled  voice,  and  suggests  the  ex- 
istence of  some  one  uttering  it  by  directing  his  answers 
and  gcstm-es  towards  the  ground.  Tliese  gestures  and 
tones  are  such  as  would  be  produced  by  a  given  cause; 
and  no  other  cause  being  appiirent,  the  mind  of  the  by- 
stander insensibly  judges  the  suggested  cause  to  exist 

Sbctios  ni. —  Visual  Sensations  and  Mental  States. 

298.  Optical  Delosions. — The  delusions  of  the  judgment 
through  the  sense  of  &\ght^ojitical  ddusions,  as  they  are 
called — are  more  numerous  than  any  others,  because  such 
A  great  number  of  what  we  think  to  be  simple  visual  sen- 
sations are  really  very  complex  aggregates  of  visual  sen- 
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Bstions,  tactile  Bensalions,  judgineiiis,  and  recollections  of 
former  sitnsatioiis  and  judgiueuls. 

It  will  be  inetrucitive  to  analyze  Bonie  of  tiiesc  judg- 
ments into  their  principles,  and  to  explaiu  the  delusions 
by  the  application  of  these  principles. 

299.  Externality  of  Viable  Objacts.—  When  an  exter- 
nal body  is  felt  hy  the  touch  to  be  in  a  ffive/i  place,  the 
image  of  that  boily  falh  on  a  point  of  the  retina  ichich 
lies  at  on*  end  of  a  straight  line  joining  the  body  and  the 
retina,  and  traversing  a  particular  region  of  the  centre  of 
the  eye.      This  straight  line  is  called  the  optic  axis. 

Conversely,  w/ien  any  part  of  the  surface  of  the  retina 
is  excited,  the  luminous  sensation  is  referred  by  the  mind 
to  some  point  outside  the  body,  in  the  direction  of  the  optic 

It  ie  for  this  reason  that  when  a  phosphene  is  created 
by  pressure,  say  on  the  outer  and  lower  side  of  the  eye- 
ball, the  luminous  image  appears  to  lie  above,  and  to  the 
inner  side  of,  the  eye.  Any  external  object  which  could 
produce  the  sense  of  light  in  the  part  of  the  retina  pressed 
upon  must,  owing  to  the  inversion  of  the  retinal  imagea 
(284),  in  fact  occupy  this  position;  and  hence  the  mind 
refers  the  light  seen  to  an  object  in  that  position, 

300.  The  Invemon  of  the  Visnal  Imagea— The  same 
kind  of  explanalion  is  applicable  to  the  apparent  paradox 
that,  while  all  the  pictures  of  external  objects  are  certainly 
inverted  on  the  retina  by  the  refracling  media  of  the  eye, 
we  nevertheless  see  them  uprif^ht.  It  is  difficult  to  under- 
Btaiid  this,  until  one  reflects  that  the  retina  has,  in  itself, 
no  means  of  indicating  to  the  mind  which  of  its  parts  lies 
at  the  top,  and  which  at  the  bottom  ;  and  that  the  mind 
learns  to  call  an  impression  on  the  retina  high  or  low, 
right  or  left,  simply  on  account  of  the  association  of  such 
an  impression  witli  certain  coincident  tactile  impressions. 
In  other  words,  when  one  part  of  the  retina  is  affecled,  the 
object  causing  the  affection  ia  found  to  be  near  the  right 
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hand  ;  when  another,  the  left ;  when  unotber,  the  hand 
has  to  be  raised  to  reach  the  object ;  when  yet  another,  it 
has  to  be  depressed  to  reach  it.  And  thus  the  several  im- 
pressions on  the  retina  are  called  right,  left,  upper,  lower, 
quite  irrespectively  of  thoir  real  positions,  of  which  the 
mind  has,  iind  can  have,  no  eopuizance. 

SOI.  Correspondenoe  of  Objectt  and  Images. —  W/ien 
an  external  body  in  a.-ce>-t<iuied  by  fcuch  to  bt  simple,  it 
forms  but  one  inmije  on  the  rctimt  of  a  single  tye ;  and, 
token  two  or  more  iniftgea  full  on  the  retina  of  a  eingh 
eye,  they  ortlinarily  proretd  from  a  correspondmg  nvtr^>tr 
of  bodies  which  are  distinct  to  the  tovch. 

Conversely,  tJie  sensation  of  two  or  more  imaget  is 
Judged  by  the  mind  to  proceed  from  tieo  or  more  of^ecU. 

If  two  pin-holes  be  made  in  a  piece  of  csrd-board  at  a 
distance  less  than  the  diameter  of  the  pupil,  and  a  small 
object  like  the  head  of  a  pin  be  held  pretty  close  to  the 
eye,  and  viewed  through  these  holes,  two  ima^res  of  the 
head  of  the  pin  will  be  seen.  The  reason  of  this  is,  that 
the  rays  of  liglit  from  the  head  of  the  pin  arc  split  by  the 
card  into  two  minute  pencils,  which  pass  into  the  eye  on 
either  side  of  its  centre,  and  cannot  be  united  ugain  and 
brought  to  one  focus  on  account  of  the  nearness  of  the 
pin  to  the  eye.  Hence  they  fall  on  different  parts  of  the 
retina,  and  each  pencil  of  mys,  being  very  small,  makes  a 
tolerably  distinct  image  of  its  own  of  the  pin's  head  on 
the  relina.  Each  of  these  images  is  now  referred  outward 
(299)  in  the  direction  of  the  appropriate  optic  axis,  and 
two  pins  are  apparently  seen  instead  of  one.  A  like  ex- 
planation applies  to  multiplying-fflnsees  and  doubly-refract- 
ing crystals,  both  of  which,  in  their  own  ways,  split  the 
pencils  of  light  proceeding  from  a  single  object  into  two 
or  more  separate  bundles.  These  give  r.se  to  as  many 
images,  each  of  which  is  referred  by  the  mind  to  a  distinct 
external  object. 

302.  Judgment  of  Distance— Perspective. —  Certain  vii- 
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wo/  phenomena  ordinarily  accompany  those  product*  of 
tactile  sensation  to  wAicA  we  give  the  name  of  size,  dis- 
tance, and  form.  Thus,  other  things  being  alike,  l/ie 
space  of  the  retina  covered  by  the  image  of  a  large  object 
is  larger  than  that  covered  by  a  emaU  object;  while  that 
eoe«red  by  a  near  oljjeet  is  larger  than  that  covered  by  a 
distant  deject ;  and,  other  conditions  being  alike  a  near 
oigect  is  more  brilliant  than  a  distant  one.  Furthermore, 
the  shadows  ofo^ts  differ  with  the  forms  of  their  sur- 
faces, as  determined  by  touch. 

Conversely,  if  these  visual  sensations  can  be  produced, 
they  inevitably  suggest  a  belief  in  the  existence  of  o^cts 
competent  to  produce  the  corresponding  tactile  sensations. 

What  ia  called  perspective,  whether  solid  or  a'^ial,  in 
drawing,  or  painting,  depends  on  the  application  of  these 
principles.  It  ia  a  kind  of  visual  ventriloquism  —  the 
painter  putting  upon  his  canvas  all  the  conditiona  requisite 
for  the  production  of  images  on  the  retina,  having  the  size, 
relative  form,  and  intensity  of  color  of  those  which  would 
actually  be  produced  by  the  objects  themselves  in  Nature. 
And  the  success  of  his  picture,  as  an  imitation,  depends 
upon  the  closeness  of  the  resemblance  between  the  images 
it  produces  on  the  retina,  and  those  which  would  be  pro- 
duced by  the  ohjecta  represented. 

303.  Magnifying-GlaMeB,— To  most  persons  the  imago 
of  a  pin,  at  live  or  six  inches  from  the  eye,  appears  blurred 
and  indistinct — the  eye  not  being  capable  of  adjustment  to 
8o  short  a  focus.  If  a  small  hole  be  made  in  a  piece  of 
card,  the  circumferential  rays  which  cause  the  blur  are  out 
off,  and  the  image  becomes  distinct.  But  at  the  same  time 
it  is  magniSed,  or  looks  bigger,  because  the  image  of  the 
pin,  in  spite  of  the  loss  of  the  circumferential  rays,  occupies 
a  much  larger  extent  of  the  retina  when  close  than  when  dis- 
tant. All  convex  glasses  produce  the  same  effect — while 
concave  lenses  diminish  the  apparent  size  of  an  object,  be- 
cause they  diminish  the  size  of  its  image  on  the  retina. 
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vhen  viewed  with  one  eye,  ulao  appears  single  when  it  is 
viewed  witli  both  eyes,  though  two  images  of  it  are  neces- 
sarily formed  ;  and  on  the  other  hand,  tbat  when  the  cen- 
tres of  the  two  images  of  one  object  do  not  fall  on  the 
centres  of  the  yellow  spots,  both  images  are  seen  sepa- 
rately, and  we  have  double  vision.  In  squinting,  the  axes 
of  the  two  eyes  do  not  converge  equally  towards  the  object 
viewed.  In  consequence  of  this,  when  the  centre  of  the 
image  formed  by  one  eye  falls  on  the  centre  of  the  yellow 
spot,  the  corresponding  part  of  that  formed  by  the  other 
eye  does  not,  and  double  vision  is  the  result. 

For  simplicity's  sake  \re  have  supposed  the  Images  to 
fall  on  the  centre  of  the  yellow  spot.  But,  though  vision  Is 
distinct  only  in  the  yellow  spot,  it  is  not  absolutely  limited 
to  it ;  and  it  is  quite  possible  for  an  object  to  be  seen  as  a 
single  object  with  two  eyes,  though  its  images  fall  on  the 
two  retinas  outride  the  yellow  spots.  All  that  is  neces- 
sary is  that  the  two  spots  of  the  retinas  on  which  the 
images  fall  should  be  similarly  disposed  towards  the  cen- 
tres of  their  respective  yellow  spots.  Any  two  points  of 
the  two  retinas  thus  similarly  disposed  towards  their  re- 
spective yellow  spots  (or  more  exactly  to  the  points  in 
which  the  optic  axes  end),  are  spoken  of  as  correeponding 
points  ;  and  any  two  images  covering  two  corresponding 
areas  are  conceived  of  as  coming  from  a  single  object.  It 
is  obvious  that  tlic  imier  (or  nasal)  side  of  one  retina  cor- 
responds to  the  outer  (or  cheek)  side  of  the  other. 

308.  The  Pseudosoope.— /«  sintfle  iii«/<wi  leith  iwo  eyes, 
the  axes  of  the  two  eyes,  of  the  movements  of  vhich  the 
muscular  sense  gives  an  indication,  cut  one  another  at  a 
ffreaier  angle  when  the  object  approaches,  at  a  less  anr/U 
when  it  goes  farilticr  off. 

Conversely,  if,  without  changing  the  position  of  an 
object,  the  axes  of  the  two  eyes  lehirh  view  it  can  be  made 
to  converge  or  diverge,  the  objei-t  will  seem  to  upproach  of 
go  farther  off. 
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In  the  instrument  colled  the  pseudoxcopey  t 
prUms  are  disposed  in  such  ti  in&imer  that  the  angle  at 
which  raj-B  of  light  from  an  object  enter  the  two  eyes,  can 
be  altered  without  any  change  in  the  object  itself;  and 
consequently  the  axes  of  these  eyes  are  made  to  converge 
or  diverge.  In  the  former  case  the  object  seems  to  ap- 
proach ;  in  the  latter,  to  recede. 

308.  Judgment  of  Solidity— the  Stereoscope. —  WAen  a 
hody  of  moderate  size,  ascertained  by  touch  to  be  solid, 
ia  viewed  tetth  both  eyes,  the  images  of  it,  formed  by  the 
two  eyes,  are  necessarily  different  {one  ahowing  more  ofita 
right  aide,  the  other  of  its  lejt  side).  Neeertheless,  tJiey 
coalesce  into  a  common  image,  ichich  gives  the  impression 
cf  solidity. 

Conversely,  if  the  tipo  images  of  the  right  and  left 
nspecti  of  a  solid  body  be  made  to  fall  upon  the  retinas  of 
the  two  eyes  in  such  a  way  as  to  coalesce  into  a  common 
image,  they  are  judged  by  the  mind  to  proceed  from  the 
single  aolid  body  which  alone,  under  ordinary  circum- 
ttances,  ie  competent  to  produce  them. 

Tlie  stereoscope   is   constructed    upon    this    principle. 

Whatever  its  fonn,  it  is  so  contrived  as   to  throw  the 

images  of  two  pictures  of  a  eolid  body,  such  aa  would  be 

obtained  by  the  right  and  left  eye  of  a  spectator,  on  to 

such  parts  of  the  retinas  of  the   person    who  uses  the 

stereoscope  as  would  receive  these  images,  if  they  really 

proceeded  from  one  solid  body.     The  mind  immediately 

judges  them  to  arise  from  a  single  external  solid  body, 

and  sees  such  a  solid  body  in  place  of  the  two  pictures. 

The  operation  of  the  mind  upon  the  sensations  pre- 

K     sented  to  it  by  the  two  eyes  is  exactly  comparable  to  that 

H      which  takes  place  when,  on  holding  a  marble  between  the 

H     finger  and  thumb,  we  at  once  declare  it  to  be  a  single 

H     sphere  (291).     That  whith  is  absolutely  presented  to  the 

H     mind  by  the  sense  of  touch  in  this  case  is  by  no  means 

^B    the  sensation  of  one  spheroidal  body,  but  two  distinct  sea- 
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eations  cf  two  convex  Burfaces,  That  tliese  two  distinct 
convexities  belong  to  one  sphere,  is  an  act  of  judgment,  or 
process  of  unconscious  reasoning,  based  upon  many  par- 
ticulars of  past  and  present  experience,  of  wbich  we  liave, 
at  the  moment,  no  distinct  c 
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SEcnoN  l.—  Tfie  Spinal  CordS^ex  Actions. 

310.  The  General  Nerrons  Syrtem.— Tlie  sensory  oi^ 
gana  are,  as  we  liuve  seen,  Ihe  channels  through  whicb 
particular  physical  agents  are  enabled  to  excite  the  sen- 
sory nerves  with  which  these  organs  are  connected ;  and 
the  activity  of  these  nerves  is  evidenced  by  that  of  the 
central  organ  of  the  nervous  system,  which  activity  be- 
comes manifest  as  a  state  of  consciousness — the  sensation. 

We  have  alfio  seen  that  the  muscles  are  instruments  by 
whicb  a  motor  nerve,  excited  by  the  central  organ  with 
which  it  is  connected,  is  able  to  produce  motion. 

The  sensory  nerves,  the  motor  ner\-e8,  and  the  central 
organ,  constitute  the  greater  part  of  the  riervoti»  system, 
which,  with  its  function  of  innerviUion,  we  must  now  study 
somewhat  more  closely,  and  as  a  whole. 

311.  The  Cerebxo-Spinal  and  Sympathetic  Systems.— 
The  nen-ous  apparatus  consists  of  two  sets  of  nerves  and 
nerve-centres,  which  are  intimately  connected  together  and 
yet  may  be  conveniently  studied  apart.  These  are  the 
cerebro^inal  system  and  the  sympathetic  system.  The 
fonner  consists  of  the  cercbro-spiiiaj  cians  {composed  of  the 
brain  and  apinal  cord)  and  the  cerebral  and  spinal  nerve*, 
which  are  connected  with  this  axis.     The  latter  comprises 

.  the  chain  of  aympathetie  ganglia,  the  nerves  which  they 
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give  off,  and  the  rorvoua  cords  by  wliicli   they  t 
nected  wilh  one  another  and  with  the  cerebro-epinal  nerres. 

312.  Nerre-Fibres  and  Serve-Centres. — Nervesare  made 
up  entirely  of  uerve-libres,  the  structure  of  whicli  is  some- 
what different  in  the  cerebro-spinal  and  in  the  sympathetic 
systems.  (See  356.)  Nerve-centres,  on  the  other  hand, 
are  composed  of  nerve-cells  or  ganglionic  corpuscles,  min- 
gled with  nerve-fibres  (356).  Such  cells,  or  corpuscles,  are 
found  in  various  parts  of  the  brain  and  spinal  cord,  in  the 
sympathetic  ganglia,  and  aleo  in  the  ganglia  belonging  to 
spinal  nerves  as  well  as  in  certain  tenRory  organs,  such  as 
the  retina  and  the  internal  ear. 

313.  Hembrane  of  the  Cerebro-Spinal  Axis. — The  cere- 
bro-ipinal  axis  tics  in  the  cavity  of  the  skull  and  spinal 
column,  the  bony  walls  of  which  cavity  are  lined  by  a  very 
tough  fibroua  membrane,  serving  as  the  periosteum  of  the 
component  bones  of  this  region,  and  called  the  dura  mater. 
The  brain  and  spinal  cord  themselves  are  closely  invested 
by  a  very  vascular  fibroua  tissue,  called  pia  mater.  The 
numerous  blood-vessels  supplying  these  or^ns  run  for 
some  distance  in  the  pia  mater,  and,  where  they  pass  into 
the  substance  of  the  brain  or  cord,  the  fibrous  tissue  of  the 
pia  mater  accomp.tnies  them  ti)  a  greater  or  less  depth. 

The  outer  surface  of  the  pia  mater  and  the  inner  sur- 
face of  the  dura  muter  pass  into  a  delicate  fibrous  tissue, 
lined  by  an  epithelium,  which  is  called  the  arachnoid  mem- 
brane. Thus  one  layer  of  arachnoid  coats  the  brain  and 
spinal  cord,  and  another  lines  the  dura  mater.  As  these 
layers  become  continuous  with  one  another  at  various 
points,  the  arachnoid  forms  a  sort  of  shut  sac,  like  the  peri- 
cardium^ and,  in  common  with  other  serous  membmnei^, 
it  secretes  a  lluid,  the  arachnoid  Jluid,  mio  its  interior. 
The  interspace  between  the  internal  and  external  layers 
of  the  arachnoid  of  the  brain  is,  for  the  most  part,  very 
small;  that  between  the  corresponding  layera  of  the  arach- 
noid of  the  spinal  cord  is  larger. 
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114.  TkB  IgiMl  Oai.— Tbe  ^>ii>al  <«rrf  (Figs.  100, 101) 
is  ■  eolm^  at  ^njisbHriute  aoA  gnbataoee,  exteodia^ 
finn  the  top  of  tbe  sfxoal  caaal,  viae  it  is  eoatiaooas 
witb  the  bnn,  to  about  the  Beenid  fa^riav  Tcrtefata^  where 
it  lapen  off  info  s  fibmeBt.  A  deep  fisEote,  the  OMUHar 
Jtmvrt  (Fig^.  102. 1),  divides  H  m  the  middle  Ime  in  front, 
newlj  down  to  its  centre:  sad  ■  AmIm  deft,  ti»c potterior 
jUnm  (Pt^.  102,2),  »l90  extends  ne*rlj  to  its  centre  in  the 
middle  line  bekind.  The  put  owter  extends  into  each  of 
these  fissures,  aod  su|^iortB  tbe  reaeelfl  wfaidi  supply  the 
end  with  blood.  In  consequence  of  the  |H«seoce  of  these 
fisBores,  only  a  uttow  ttfidge  of  the  sabetmnce  of  the  cord 
connects  its  two  hdves,  and  this  bridge  is  tiarened 
throo^iout  itA  entire  length  br  a  minute  canal,  the  o 

J  of  the  con!  (Fig.  li>2,  3). 

Escb  half  of  the  cord  is  divided  longiludinBlIj  into 
three  equal  parts,  the  anterior,  iateisl,  and  posterior  col- 


mnns  (Fig.  102,  6,  7,  8),  by  the  lines  of  attachment  of  two 
ptinillel  series  of  delicate  bundles  of  nervous  filaments,  the 
roots  of  the  spinal  nerves.  The  roots  of  the  nerves  which 
arise  along  that  line  which  is  nearer  the  posterior  sur&toe 
of  the  cord  are  called  posterior  roots ;  those  which  arise 
along  the  other  line  arc  the  anterior  roots.      A  certain 
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Dtunber  of  anterior  and  posterior  roots,  on  the  same  level 
on  each  side  of  tlie  cord,  converg'e  and  form  anterior  and 
pofitenor  bundles,  and  then  [Iig  two  bundles,  anterior  and 
posterior,  couleeoe  into  tlic-  trunk  of  a  sijiual  nerve ;  but, 
before  doing  so,  tlie  posterior  bundle  prssenls  an  enlarge- 
ment—(Ae  iiawj/ZioH  of  tins  posterior  root. 

The  truubs  of  tbe  spinal  ner\'03  pass  out  of  the  spinal 
Dunat  by  apertures  between  the  vertebne,  called  tbe  itiler- 
vertebral  Xoramiiia,  and  then  divide  and  subdivide,  their 
ultimate  ramiiications  going  for  the  most  part  to  the  mus- 
cles and  to  the  skin. 

There  are  thirty-one  pairs  of  these  spinal  nerves,  and, 
consequently,  ttrice  as  many  sets  of  roots  of  spinal  nerves 
given  off,  in  two  lateral  series,  from  each  half  of  the  cord. 

315.  Tranarerse  Sectdon  of  a  Cord.  —  A  transverse  sec- 
tion of  tbe  cord  (Figs.  101  and  102)  shows  that  each  half 
contains  two  substiint'es — a  wbiti;  substance  on  the  outside, 
and  B  grayish-red  substiknce  in  Ihc  interior.  And  this  ffraj/ 
matter,  as  it  is  called,  is  so  disposed  that,  in  a  transverse 
section,  it  looks  something  like  a  crescent,  with  one  end 
bigger  than  the  other,  and  with  the  concave  side  turned 
outwards.  The  two  ends  of  the  crescents  are  called  its 
horns  or  coniini  (Fig,  102,  e  e),  the  one  directed  forwards 
being  the  anterior  cornu  ;  the  one  turned  backwards  the 
posterior  cornu  {Fig.  102,  a  a).     Tlie  convex  sides  of  the 

I  of  the  gray  matter  approach  one  another,  and  are 
joined  by  the  bridge  which  contains  the  central  canal. 

Many  of  the  nerve-libres  of  which  the  anterior  roots  are 
composed  may  be  traced  into  the  anterior  cornu,  while 
those  of  the  posterior  roots  enter  the  posterior  cornu. 

316.  Difference  between  Gray  and  White  Matter.— 
There  is  a  funduuiental  difference  in  stmclurc  between  the 
gniy  and  the  white  matter.  The  while  matter  consists  en- 
tirely of  nerve-lihrcs  supported  in  a  delicate  framework 
of  connectivo  tissue,  and  accompanied  by  hlood-vesaels. 
Most  of  these  fibres  run  lengthways  in  the  cord,  and  con- 
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sequently,  in  a  tmisreree  section,  the  white  matter  is  reaHj 
composed  of  a  multitude  of  the  cut  ends  of  these  fibres. 

The  gray  matter,  on  the  other  hand,  contains,  in  addi- 
tion, a  number  of  nerce-cells  or  ganglionic  corposcles,  some 
of  them  of  considerable  size.  These  cells  are  whoUj  absent 
in  the  white  matter. 

317.  Phjiiological  FropertiM  of  Herrei.  —  The  [ 
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logical  properties  of  ihe  organs  now  deac 
remarkiible. 

If  the  tmnJc  of  a  spinal  nerve  be  irritated  in  any  way, 
AS  by  pinching,  cutting,  galvanizing,  or  applying  a  bot 
body,  two  things  happen :  in  the  6rEt  place,  all  the  muflclea 
to  which  filainents  of  this  nerve  are  distributed,  contract; 
in  the  second,  acute  pain  is  felt,  and  the  pain  is  referred  to 
that  part  of  the  skin  to  which  fibres  of  the  nerve  are  dis- 
tributed. In  other  words,  the  effect  of  irritating  the  trunk 
of  a  nerve  ia  the  same  as  tliat  of  irritating  its  component 
fibres  at  their  terminations. 

The  effects  just  described  will  follow  upon  irritation  of 
part  of  the  branc/ien  of  the  nerve :  except  that,  when  a 
branch  ia  irritated,  the  only  muscles  directly  affected,  and 
the  only  region  of  the  skin  to  which  pain  is  referred,  will 
bo  tliose  to  which  that  branch  sends  nerve  fibres.  And 
these  effects  will  follow  upon  irritation  of  any  part  of  a. 
nerve  from  its  smallest  branches  up  to  the  point  of  it* 
trunk,  at  which  the  anterior  aad  posterior  bundles  of  root' 
fibres  unite. 

318,  Fonotioiu  of  Anterior  and  Posterior  Boots. — If  the 
anterior  bundle  of  root-fibres  be  irritated  in  the  same  way, 
only  half  the  previous  effects  are  brought  about.  That  ia 
to  say,  all  the  muscles  to  which  the  nerve  b  distributed 
contract,  but  no  pain  is  felt. 

So  again  if  the  posterior,  ganglionated  bundle  be  irri- 
tated, only  half  the  effects  of  irritating  the  whole  trunk  is 
produced.  But  it  is  the  other  half;  that  is  to  say,  none 
of  the  muscles  to  which  the  nerve  is  distributed  contract, 
but  intense  pain  is  referred  to  the  whole  area  of  skin  to 
which  the  fibres  of  the  nerve  are  distributed. 

It  is  clear  enough,  from  these  experiments,  that  all  the 
power  of  causing  muscular  contraction  which  a  spinal 
nerve  possesses,  is  lodged  in  the  fibres  which  compose  ita 
anterior  roots  ;  and  all  the  power  of  giring  rise  to  sensa- 
tion, in  those  of  its  posterior  roots.     Hence  the  antorioT 


3BZ 


ELEMESTART   PHYSIOLOGY. 


roots  are  commonly  called  motor,  and  tlie  posterior 
aori/. 

319.  Experiment— Paralysii. — Tbc  same  truth  may  be 
illustrated  in  other  ways.  TIius,  if^  in  a  living  animal,  the 
anterior  roots  of  a  spinal  nerve  be  cut,  the  animal  loses  all 
control  over  the  muscles  to  whiuh  that  nerve  is  distributed, 
though  the  aensibility  of  the  region  of  the  skin  supplied  by 
the  nerve  is  perfect.  If  the  posterior  roots  be  cut,  seoaa- 
tion  is  lost^and  voluntary  movement  remains.  But,  if  both 
roots  be  cut,  neither  voluntary  movement  nor  sensibility  la 
any  longer  possessed  by  the  part  supplied  by  the  nerva 
The  muscles  are  said  to  be  paralyzed,  and  the  skin  may  be 
cut,  or  burnt,  without  any  sensation  being  excited. 

If,  when  both  roots  are  cut,  that  end  of  the  motor  root 
which  remains  connected  with  the  trunk  of  the  nerve  be 
irritated,  the  muscles  contract ;  white,  if  the  other  end  he 
BO  treated,  no  apparent  effect  results.  On  the  other  hand, 
if  the  end  of  the  sensory  root  oonnected  with  the  trunk  of 
the  nerve  be  irritated,  no  apparent  effect  is  produced,  while, 
if  the  end  connected  with  tlie  cord  be  thus  served,  violent 
pain  immediately  follows. 

When  no  apparent  effect  follows  upon  the  irritation  of 
any  nerve,  it  is  not  probable  that  the  molecules  of  the 
nerve  remain  unchanged.  On  tlie  contrary,  it  would  ap- 
pear that  the  same  change  occurs  in  all  cases  ;  but  a  motor 
nerve  is  connected  with  nothing  that  ciin  make  that  change 
apparent  save  a  muscle  :  and  a  sensory  nerve  with  nothing 
that  can  show  an  effect  but  the  central  nervous  system. 

320.  Uolecnlar  Changes  in  Irritated  Kenres.— It  will 
be  observed  that  in  all  the  experiments  mentioned  there  is 
evidence  that,  when  a  nerve  is  irritated,  a  something,  prob- 
ably a  change  iri  the  arrangement  of  its  molecules,  is  prop- 
agated along  the  nerve-fibres.  If  a  motor  or  a  sensory 
nerve  be  Irritated  at  any  point,  contraction  in  the  muscle, 
or  sensation  in  the  central  organ,  immediately  follows.  But, 
if  the  nerve  be  cut,  or  even  tightly  tied  at  any  point  between 
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tbe  part  irritated  and  Ibe  mtiacle  or  central  organ,  the  effect 
at  onco  ceases,  just  as  cutting  a  telegraph-wire  strjpathe 
transmission  of  the  electric  current  or  impulse.  When  a 
limb,  as  we  say,  "  goes  to  sleep,"  it  is  because  the  nerres 
supplying  it  have  been  subjected  to  pressure  sufficient  to 
destroy  the  nervous  '  continuity  of  the  fibres.  We  lose 
Tolunt:iry  control  over,  and  sensation  in,  the  limb,  and 
these  powers  are  only  graduaUy  restored  as  that  ncri'OUB 
continuity  returns. 

Having  arrived  at  this  notion  of  an  Impulse  traveling 
along  a  nerve,  we  readily  pass  to  the  conception  of  a  sen- 
sory nerve  as  a  nerve  which,  when  active,  brings  an  im- 
pulse to  the  central  organ,  or  is  afferent;  and  of  a  motor 
nerve,  as  a  nerve  which  carries  away  an  impulse  from  the 
organ,  or  is  efferent.  It  is  very  convenient  to  use  these 
terms,  to  denote  the  two  great  classeB  of  nerves ;  for,  as 
we  shall  find  (333),  there  are  afferent  nerves  which  are  not 
sensory  in  the  sense  of  giving  rise  to  a  change  of  con- 
sciousness, or  sensation,  while  there  are  efferent  nerves 
which  are  not  motor,  in  the  sense  of  inducing  muscular 
contraction.  Such,  for  example,  are  the  nerves  by  which 
the  electrical  fishes  give  rise  to  discharges  of  electricity 
from  peculiar  organs  to  which  those  nerves  ore  distributed. 
The  pneumogastric,  when  it  stops  the  beat  of  the  heart, 
cannot  lie  called  a  motor,  and  yet  is  then  acting  as  an 
efferent  nerve.  It  will,  of  coui'se,  be  understood,  as  pointed 
out  above,  that  the  use  of  these  words  does  not  imply  that, 
when  a  nerve  is  irritated  in  the  middle  of  its  length,  the 
ipulses  set  up  by  that  irritation  travel  only  away  from 
the  central  organ  if  the  nerve  be  efferent,  and  towards  if  it 
be  afferent.     On  the  contrarv,  we  have  evidence  that  in 
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both  cases  the  impulses  travel  both  -ways.  All  Uiat  is 
meant  is  tb.is,  that  the  afferent  nerre,  from  tlie  disposilioa 
of  its  two  ends,  in  the  skin,  etc,  and  in  the  central  organ, 
is  of  use  only  when  impulses  are  traveling;  along  it  towiirds 
the  central  organ,  and  similarly  the  efferent  nerve  is  of  use 
only  wheu  impulses  arc  traveling  along  it,  away  &om  the 
central  organ. 

321.  Similarity  of  Afferent  and  Efferent  Nerves.— There 
is  no  difference  in  siructure,  in  chemical  or  in  physical 
character,  between  afferent  and  efferent  nerves.  ITie  im. 
pulse  which  travels  along  them  requires  a  certain  time  for 
its  propagation,  and  is  vastly  slower  than  many  other 
forces — even  slower  than  sound. 

S22.  Propertiea  of  the  Spinal  Cord. — Up  to  this  pomt 
our  experiments  have  been  confined  to  the  nerves.  We 
may  now  test  llie  prnperties  of  the  spinal  cord  in  a  similar 
way.  If  the  cord  be  cut  across  (say  in  the  middle  of  the 
back),  the  legs  and  all  the  parts  supplied  by  nerves  which 
come  off  below  the  section,  will  be  insensible,  and  no  effort 
of  the  will  can  make  them  move  ;  while  all  the  parts  above 
the  section  will  retain  their  ordinary  powers.  When  n  man 
hurts  his  back  by  an  accident,  the  cord  is  not  unfrequently 
so  damaged  as  to  be  virtually  cut  in  two,  and  then  paralj'sia 
and  insensibOjty  of  the  lower  part  of  the  body  ensue. 

If,  when  the  cord  is  cut  across  in  an  animal,  the  cut 
end  of  the  portion  below  the  division,  or  away  from  the 
brain,  be  irritated,  violent  movements  of  all  the  muscles 
supplied  by  nerves  given  off  from  the  lower  part  of  the 
cord  take  place,  but  there  is  no  sensation.  On  the  other 
hand,  if  that  part  of  the  cord,  which  is  still  connected  with 
the  brain,  or  better,  if  any  afferent  nerve  connected  with 
that  part  of  the  cord  be  irritated,  great  pain  ensues,  as  ia 
shown  by  the  movements  of  the  animal,  but  in  these  move- 
ments the  muscles  supplied  by  nerves  coming  from  the 
spinal  oord  below  the  cut  take  no  part ;  they  remain  per- 
fectly quiet. 
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323.  Reflex  Action  throi^:h  the  Spinal  Cori— Tbus,  it 
may  be  Eoid  tLut,  in  relation  to  the  tiraiD,  the  cord  is  & 
great  mixed  motor  aod  sensory  nerve.  But  it  ia  also  much 
more.  For,  if  the  trunk  of  a  spinal  nerve  be  cut  through, 
so  as  to  sever  its  connection  with  the  cord,  an  irritation  of 
the  skin  to  which  the  sensory  fibres  of  that  nerve  are  dis* 
tributed,  produces  neither  motor  nor  sensory  eficct. 

But,  if  the  cord  be  cut  through  anywhere  so  as  to  sever 
its  connection  with  the  brain,  irritution  applied  to  the  skin 
of  the  parts  supplied  with  sensory  nerves  from  the  part  of 
the  cord  below  the  section,  though  it  gives  rise  to  no  sen- 
sation, may  produce  violent  motion  of  the  parts  supplied 
with  motor  nerves  from  ihe  same  part  of  the  cord. 

Thus,  in  the  case  supposed  above,  of  a  man  whose  legs 
are  paralyzed  and  insensible  fi*om  spinal  injury,  tickling 
the  Bolea  of  the  feet  will  cause  the  legs  to  kick  out  convul- 
sively. And  as  a  broad  fact,  it  may  be  suid  that,  so  long 
SB  both  roots  of  the  spinal  nerves  remain  connected  B'ith 
the  cord,  irritation  of  any  afferent  nerve  is  competent  to 
give  rise  to  excitement  of  some,  or  the  whole,  of  the  effer- 
ent nerves  so  connected. 

If  the  cord  be  cut  across  a  second  time  at  any  distance 
below  the  first  section,  the  efferent  nerves  below  the  second 
cut  will  no  longer  be  affected  by  irritation  of  the  afferent 
nerves  above  it — but  only  of  those  below  the  second 
tion.  Or,  in  other  words,  in  order  that  an  afferent  imp 
may  be  converted  into  an  efferent  one  by  the  spinal  cord, 
the  afferent  ner\-e  must  be  in  uninterrupted  material  t 
municatioQ  with  the  efferent  nerve,  by  means  of  the  sub- 
stance of  the  spinal  cord. 

This  peculiar  power  of  the  cord,  by  which  it  is  t 
petent  to  convert  afferent  into  efferent  impulses,  ia  that 
which  distinguishes  it  physiologically,  as  a  central  organ, 
from  a  ner\e,  and  is  called  reflex  action.  It  is  a  power 
possessed  by  the  gray  matter,  and  not  by  the  white  sub- 
stance of  the  cord. 
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324.  Liatribution  of  Ecflex  Effeett.— Tlie  ntimlwr  of  the 
efferent  nerves  which  may  Ik;  exciti'i!  hy  the  relScx  action 
of  the  conl  is  not  regulated  alone  by  the  number  of  the 
afferent  nerves  which  arc  stimulated  by  the  irritation 
which  gives  rise  to  the  reSex  action.  Nor  does  a  simple 
escitation  of  the  afferent  nen-e  by  any  means  neceBsarily 
imply  a  corresponding  siuipUcity  in  the  arrangement  and 
sucoesBion  of  the  reflected  motor  irapulses.  Tickling  the 
sole  of  the  foot  ie  a  very  simple  excitation  of  the  afferent 
fibres  of  its  nerves  ;  but,  in  order  to  produce  the  muscular 
actions  by  which  the  legs  are  drawn  up,  a  great  multitude 
of  efferent  fibres  must  act  in  regulated  ctunbl nation.  In 
fact,  in  a  multitude  of  cases,  a  reflex  action  13  to  be  re- 
garded rather  as  an  order  given  by  an  afferent  nerve  to 
the  cord,  and  executed  by  it,  than  as  a  mere  reboimd  of 
the  afferent  impulse  into  the  first  efferent  channels  open 
to  it. 

The  various  characters  of  these  reflex  actions  may  be 
very  conveniently  studied  in  the  frog.  If  a  frog  be  decapi- 
tated, or,  better  still,  if  the  spinal  cord  be  divided  close 
to  the  head  and  the  brain  be  destroyed  by  passing  a  blunt 
wire  into  the  cavity  of  the  skull,  the  animal  is  thus  de- 
prived (by  an  operation  which,  being  almost  instAntnneous, 
can  give  rise  to  very  little  pain)  of  al!  consciousness  and 
volition,  and  yet  the  spinal  cord  is  left  intact.  At  first  the 
animal  is  quite  flaccid  and  apparently  dead,  no  movement 
of  any  part  of  the  body  {except  the  beating  of  the  heart) 
being  visible.  This  condition,  however,  being  the  result 
merely  of  the  so-called  shock  of  the  operation,  very  soon 
passes  off,  and  then  the  following:  fiicts  may  be  observed : 

So  long  as  the  aninial  is  unloucheil,  so  long  as  no 
stimulus  is  brought  to  bear  u|jon  it,  no  movement  of  any 
kind  takes  place — volition  is  wholly  absent. 

If,  however,  one  of  the  toes  be  gently  pinched,  the  leg 
is  immediately  drawn  up  close  to  the  body. 

If  the  skin  between  the  thighs  around  the  anus  be 
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|MiKbed,tfae  k|^  mc  ■ 
again  viotenlly. 

If  tlic  ftuik  be  nsT  geady  Mmbed,  Aetv  is  MBf^  « 
twitdting  movement  c'  tfae  BSKka  mJniiBXh ;  if  it  tw 
more  roughiy  taodKd,  or  fanohed,  ttnae  twitcbin|[  nmw 
ments  bccocoe  nme  gental  aiaag  tbe  wkola  Md»  of  Um 
creature,  and  extend  to  Uw  otber  sklo,  to  Um  htud-k'pi, 
aod  even  to  the  froat4c^3. 

If  the  digits  of  the  firont-iimbs  he  tonchiil,  Ukm>  will  Im 
drawn  dose  under  the  body  as  in  the  not  nf  claspinfr. 

If  a  drop  of  Fine-gar  or  any  acid  be  pluood  (in  lhr>  inp 
of  one  thigh,  r&pid  and  nctivo  movemoiits  will  take  plittiii 
in  the  leg.  The  foot  will  bo  seen  dislliictly  trybijf  In  rub 
off  the  drop  of  acid  Irom  thu  thigh.  Anil,  tvlial  1«  ntlll 
more  striking,  if  the  leg  be  hchl  tight  and  *■>  pmvixtlfxl 
from  moving,  the  other  leg  will  bt-gin  to  mb  (ifT  tint  ii»ilil, 
Sometimes,  if  the  drop  bo  too  largn  iir  Uui  Mnmir,  liolh  inut 
begin  at  once,  and  tli^n  frctjiiently  thfl  iri(/vr'ni«rit»  •|ir«n«i| 
from  the  legs  nil  over  the  body,  ttitd  Ibfi  w\it4tt  uniitmi  it 
thrown  into  convukiLm. 

Now,aU  these  tariom  RK)*'«in'-fi<  ■•*itMl 
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from  the  br&in  ;  but,  in  part,  it  is  an  indepeadent 
centre,  capable  of  origiuuting  combined  movements 
the  receptiun  of  the  impulse  of  an  afferent 

Regarding  it  merely  us  a  conductor,  the  question  aiisea, 
Do  all  parts  of  it  conduct  aU  kinds  of  impulses  indiffer- 
ently ?  or,  arc  certain  kiuds  of  impulses  communicated  only 
through  particulnr  parts  of  the  cord  ? 

The  following  experiments  furnish  a  paniul  reply  to 
these  questions : 

If  the  anterior  half  of  the  white  matter  of  the  doraal 
part  of  the  cord  be  cut  through,  the  will  is  no  longer  capa- 
ble of  exerting  any  influence  on  the  muscles  which  are  sup- 
plied with  nerves  from  the  lower  segment  of  the  cord.  A 
similar  Bection,  carried  through  the  posterior  half  of  the 
white  matter  in  this  region,  has  no  effect  on  the  transmis- 
sion of  voluntary  impulses.  It  is  obvious,  therefore,  that, 
iu  Ihe  dorsal  part  of  the  cord,  nervous  impulses  from  the 
brain  are  sent  through  the  antprior  part  of  the  wliite  matter. 

32S.  Conduotioii  of  the  Oray  Hatter.  —  The  posterior 
half  of  the  white  matter  may  be  cut  through  at  one  point, 
and  the  anterior  half  at  a  point  a  little  higher  up,  so  tliat 
all  the  white  fibres  shall  be  divided  transversely  by  the 
one  cut  or  the  other,  without  any  interference  with  the  ma- 
terial continuity  of  the  cord,  or  damage  to  the  gray  matler. 

When  this  has  been  done,  irritation  of  those  sensory 
nerves  which  are  connected  with  parts  below  the  section 
excites  the  sensation  of  pain  as  strongly  as  ever.  Hence 
it  follows  that  the  afferent  impulses,  which  excite  pain 
when  they  reach  tlie  brain,  pa6S  through,  and  are  conveyed 
by,  the  gray  matter.  And  it  has  been  found,  hy  experi- 
ment, that,  so  long  as  even  a  small  portion  of  the  gray 
matter  remains  entire,  these  afferent  impulses  are  efficiently 
transmitted.  Singularly  enough,  however,  irritation  of  the 
gray  matter  itself  is  said  not  to  cause  pain.' 
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is,  whicli  keeps  them  in  tlic  usual  conditioii  of  moderate 
contraction,  proceeds  from  the  spinal  cord. 

The  cord  is,  therefore,  spoken  of  as  contaJmng  centret 
for  the  vaso-rootor  nerve3,  or,  more  sliortly,  vaso-motOT 
centres. 

For  example,  the  mnaculur  walls  of  the  blood-vessels 
supplying  the  ear  and  the  skin  of  the  bead  geneially,  are 
made  to  contract,  as  has  been  ah^adj-  mentioned,  by  ner- 
Toua  fibres  derived  iinmediately  from  tlie  sympathetic. 
These  fibres,  however,  do  not  arise  from  llie  sympathetic 
ganglia,  but  simply  pass  througli  them  on  their  way  from 
the  spinal  cord  to  the  upper  dorsal  region  of  which  they 
can  bU  be  traced.  At  least,  this  ia  the  conclusion  drawn 
from  the  facts,  that  irritation  of  this  region  of  the  cord 
produces  the  same  effect  as  irritatioii  of  the  vaso-motor 
nerves  themselves,  and  that  destruction  of  this  part  of  the 
cord  paralj'zea  them. 

Recent  researches,  however,  have  shown  that  the  ner- 
vous influence  does  not  originate  here,  but  proceeds  froir 
higher  up,  from  tlie  medulla  oblongata  in  fact,  and  simply 
passes  down  through  this  part  of  the  spinal  cord  on  its 
way  to  join  the  sympathetic  ganglia. 

328.  Ontllnea  of  Anatcmy  of  the  Brain.  —  The  brain 
(Fig.  103)  is  a  complex  organ,  consisting  of  several  ports, 
the  hindermost  of  which,  termed  medulla  oblongata,  passes 
insensibly  into,  and  in  its  lower  part  has  the  same  struct- 
ure as,  the  spinal  cord. 

Above,  however,  it  widens  out,  and  the  central  canal, 
spreading  with  it,  becomes  a  broad  cavity,  which  (learing 
certain  anatomical  minutije  aside)  may  be  said  to  be  widely 
open  above.  This  cavity  is  termed  the  fovrth  ventricle. 
Overhanging  the  fourth  ventricle  is  a  great  laminated  mass, 
the  cerebellum  (  Cb.,  Figs.  103, 104, 105).  On  each  side,  this 
organ  sends  down  several  layers  of  transverse  fibres,  which 
sweep  across  the  brain  and  meet  in  the  middle  line  of  its 
base,  forming  a  kind  of  bridge  {called  pons  Varolii,  Fig. 
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103),  in  front  of  the  niedulla  oblcngata.     The  longitudinal   1 
nerve-fibres  of  the  medulla  oblongata  pass  forwards,  among, 
and  between  these  layers  of  transverse  fibres,  and  become 
visible,  in  &otit  of  the  pons,  as  two  broad  diverging  bun- 
dles, called  crura  certbri  (Fig.  103).    Above  the  crura  cere- 
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bri  lies  a  mass  of  nervous  matter  raised  up  into  four  hemi* 
spherical  elevations,  called  corpora  quadrig^mina  (C.Q., 
Fig.  105).     Between  these  and  the  o-rura  cerebri  is  a  nar- 
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row  passage,  which  leads  from  the  fourth  ventricle  into 
what  is  termed  the  third  ventricle  of  the  brain.  The  third 
ventricle  is  a  narrow  cavity  lodged  between  two  great 
mosses  of  nervous  matter,  called  o/itic  thulami,  into  which 
the  crura  cerebri  pass.  The  roof  of  the  thii'd  ventricle  is 
merely  membranous;  and  a  peculiar  body  of  unknown 
function,  the  pineal  body,  is  connected  with  it.  The  floor 
of  the  third  ventricle  is  produced  into  a  sort  uf  fuonel, 
which  ends  in  another  anomalous  organ,  the  pituitary  body 
(Ft.,  Fig.  105 ;  P.,  Fig.  103). 

The  third  ventricle  is  closed,  in  front,  by  a  thin  layer 
of  nervous  matter;  bul,  beyond  tliis,  on  each  side,  ther« 
b  an  aperture  in  the  boundary  wall  of  the  third  ventricle 
which  leads  into  a  large  cavity.  The  latter  occupies  the 
centre  of  the  cerebral  Aeiiiispkert;  and  is  called  the  lateral 
ventricle.  Each  hemisphere  is  enlarged  backwards,  down- 
wards, and  forwards,  into  as  many  lobes;  and  the  lateral 
ventricle  presents  corresponding  prolongations,  or  cornua. 

The  floor  of  the  lateral  ventricle  is  formed  hy  a  mass 
■  nervous  -matter  called  tlic  corpus  striatum,  into  which 
the  fibres  that  have  traversed  the  optic  thalamus  enter 
(Fig.  105,  C,S.). 

The  hemispheres  are  so  largo  that  they  overlap  all  the 
other  parts  of  the  brain,  and,  in  the  upper  view,  hide  them. 

Their  applied  faces  arc  separated  by  a  medium  fissure 
for  the  greater  part  of  their  extent;  but,  inferiorly,  are 
joined  by  a  thick  mass  of  transverse  fibres,  the  corpus  cal- 
losum  (Fig.  103,  aC). 

The  outer  surfaces  of  the  hemisplicrcs  arc  marked  out 
into  convolutions,  or  gyri,  by  numerous  deep  Jtsxures  (or 
aulri),  into  which  the^  pia  mater  enters.  One  large  and 
deep  fissure,  which  separates  the  anterior  from  the  middle 
division  of  tlie  hemisphere  is  called  the  Jlimre  of  Sylvitis 
(Fig.  103). 

329.  Arrangement  of  the  White  and  Gray  Hatter. — ] 
the  medulla  oblongata  the  arrangement  of  the  white  and 
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gray  matter  is  subBtnntially  similBr  to  that  whicli  oltalns 
in  the  apiaal  cord;  that  is  to  say,  the  white  matter  ie  ex- 
ternal and  the  gray  inlemal.  But,  in  tlie  cerebdlum  and 
cerebral  hemigpkereg,  the  gray  matter  is  external  and  the 
■white  internal;  while,  in  the  optic  thalami  and  corpora 
striata,  gray  matter  and  white  matter  arc  Tarionsly  inter- 

Secxios  in. — The  Cerebral  Nerve*. 

330.  Their  Distribatioii.  —  Nerves  are  given  off  from 
the  brain  in  paire,  which  succeed  one  another  from  before 
backwards,  to  the  number  of  twelve  (Fig.  105). 

The Jirat  pair,  counting  from  before  backwards,  are  the 
olfactory  nerves,  and  the  second  are  the  optic  nerves.  The 
^nctioQB  of  these  have  already  been  described. 

The  third  pair  are  called  motores  ovuii  (movers  of  the 
eye),  because  they  are  distributed  to  all  the  muscles  of  the 
eye  except  two. 

The  nerves  of  the  fovrth  pair  and  of  the  sixth  pair 
Bupply  each  one  of  the  muscles  of  ihe  eye,  on  each  side ; 
the  fourth  going  to  the  superior  oblique  muscle,  and  the 
sixth  to  the  cstcrnal  rectup.  Thus  the  muscles  of  the  eye, 
small  and  close  together  as  tliey  are,  receive  their  nervous 
stimulus  by  three  distinct  nerves. 

Each  nerve  of  ihe  Jijth pair  is  very  large.  It  has  two 
roots,  a  motor  and  a  sensory,  and  further  resembles  k 
spinal  nerve  in  having  a  ganglion  on  its  sensory  root.  It 
is  the  nerve  which  supplies  the  skin  of  the  face  and  the 
muscles  of  the  jaws,  and,  having  three  chief  divisions,  is 
often  called  trigeminal.  One  branch,  containing  senaoiy 
fibres,  supplies  the  front  of  the  tongue,  and  is  often  spoken 
of  as  the  gustatory. 

The  seventh  pair  furnish  with  motor  nerves  the  muscles 
of  the  face,  and  some  other  muEclei>,  and  are  called  yactnA 

The  eighth  pair  are  the  auditory  nerves.  As  the  sev- 
enth and  eighth  pairs  of  nerves  leave  the  cavity  of  the 
skull  together,  they  are  often,  and  especially  by  English 


The  tenth  pair  13  formed  by  tlie  two  pneumogcigtrio 
nerves,  often  called  the  par  vii/um.  These  very  impoi^ 
tant  nervea,  and  the  next  pair,  are  the  only  cerebral  nerves 
which  are  distributed  to  regions  of  the  body  remote  from 
the  head.  The  pneumogastric  supplies  the  larynx,  the 
lungs,  the  liver,  and  the  stomach,  and  branches  of  it  1 
connected  with  the  heart. 

The  eleventh  pair,  again,  called  npinal  accessory,  differ 
widely  from  all  the  rest,  in  arising  from  the  sides  of  the 
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spinal  marrow,  between  the  anterior  ami  posterior  roots  of 
the  dorsal  nerves.     ITicy  run  up,  gathering  fibres  as  they 
go,  to  the  medulla  olilour^ta,  and  thou  Ipuve  the  skull 
the  Banie  aperture  as  the  pneumogaatriu  and  glossopi 
ryngeal.     They  are  purely  ninlor  nerves,  sitpplyiiyf 
muscles  of  the  ueek,  n-hilc  the  pneiuno^astrio  U 
sensory,  or  st  leust  afferent.     As,  oo  eacJi  side,  the  gl 
pharyngeal,  pneuiuogastiic,  and   spinal  acxsessoty  d< 
leave  lUe  skull  together,  they  are  frequently  rccJconed 
one  pair,  which  id  then  c^ninted  as  the  eighth. 

The  last  two  nerves,  by  this  method  of  counting, 
come  the  ninth  pair,  but  they  are  really  the  tiedflh.  Tl 
are  the  motor  nerves  which  supply  the  muscles  of 
tongue. 

331.  Ol&ctoiy  and  Optic  Henrea. — Of  these  nerves, 
two  foremost  pair  do  not  properly  deserve  tliat  name, 
are  really  processes  of  the  brain,     llie  olfactory  pair  ai 
prolongations  of  the  cerebral  hemispheres  ;  the  optio 
of  the  walls  of  the  third  ventricle ;  and  it  is  worthy  of 
mark,  that  it  is  only  these  two  pair  of  what  may  be  calh 
false  nerves  which  arise  from  any  part  of  the  brala 
the  medulla  oblongata — all  the  other  true  nervea  beJl 
indirectly,  or  directly,  traceable  to  that  part  of  the  bt 
while  the  olfactory  and  optic  nen-es  ore  not  so  traceable. 

332.  Sffects  of  lujuiies  to  the  MeduUa  Oblongata. 
might  be  expecled  from  this  circumstance  ulone,  the  mft* 
dulla  oblongata  is  an  extremely  important  piu-t  of  the 
cerebro-spinal  axis,  injury  to  it  giving  rise  to  immediate 
evil  consequences  of  the  most  serious  kind. 

Simple  puncture  of  one  side  of  the  floor  of  the  fourth 
ventricle  produces  for  a  while  an  increase  of  the  qujntily, 
of  sugar  in  the  blood,  beyond  that  wldch  can  be  dcstroyad' 
in   the  organism.     The  sugar  passes  off  by  the  kidne; 
and  thus  this  slight  injury  to   the  medulla  produces 
temporary  disorder  closely  resembling  the  disease  calli 
diabetea. 
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More  extensive  injury  arrests  the  respiratory  processes, 
the  medulla  oblongata  being  the  nervous  centre  which 
gives  rise  to  the  contractions  of  the  respiratory  muscles 
and  keeps  the  respiratory  pump  at  work. 

The  motor  nerves  engaged  in  ordinary  respiration  are 
certain  spinal  nerves,  viz.,  the  intercostal  nerves  supplying 
the  intercostal  muscles,  and  the  phrenic  nerve  supplying 
the  diaphragm.  These  motor  nerves  are  undoubtedly 
brought  into  action  by  impulses  proceeding  at  intervals 
from  the  medulla  oblongata.  But  how  these  rhythmic 
impulses  originate  in  the  medulla  oblongata  is  not  very 
clear.  There  are  reasons  for  thinking  that  the  presence 
of  venous  blood  in  the  lungs  acts  as  a  stimulus  to  the  end- 
ings of  the  pneumogastric  nerves,  and  sets  going  impulses 
which,  traveling  up  along  those  nerves  to  the  medulla 
oblongata,  there  produce  respiratory  movements  by  reflex 
action.  But  this  is  not  all,  for  respiration,  though  pro- 
foundly modified,  is  not  arrested  by  division  or  destruction 
of  the  pneumogastric  nerves.  Probably  the  medulla  ob- 
longata contains  a  nervous  mechanism  which  acts  as  an 
independent  centre  in  a  manner  somewhat  similar  to  the 
ganglia  of  the  heart ;  and  so  goes  on  of  itself,  though  ex- 
tremely sensitive  to,  and  thus  continually  influenced  by, 
the  condition  of  the  blood  not  only  in  the  lungs  but  all 
over  the  body. 

If  the  injuries  to  the  medulla  oblongata  be  of  such  a 
kind  as  to  irritate  the  roots  of  the  pneumogastric  nerve 
violently,  death  supervenes  by  the  stoppage  of  the  heart's 
action  in  the  manner  already  described.     (See  69.) 

333.  Crofldiig  of  Impulses  in  the  Hednlla. — The  afier- 
ent  impulses,  which  are  transmitted  through  the  cord  to 
the  bndn  and  awake  sensation  there,  cross,  as  we  have 
seen,  from  one  half  of  the  cord  to  the  other,  immediately 
after  they  enter  it  by  the  posterior  roots  of  the  spinal 
nerves ;  while  the  efferent,  or  volitional,  impulses  from  the 
brain  remain,  throughout  the  cord,  in  that  half  of  it  from 
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which  they  wiU  eventuallj'  pass  by  tUe  anterior  roots.  But, 
at  the  lower  and  front  purt  nf  tlm  medulla  oblongata,  these 
also  cross  over ;  and  the  white  tibrea  which  convey  them  | 
are  seen  passing  obliquely  fi'otn  left  to  right  and  from 
right  to  left  in  what  is  called  the  demasation  of  the  ante- 
rior pyrami'h  (Fig,  103).  Hence,  any  injwyi  ^t  *  point 
higher  up  than  the  decussation,  tu  the  nerve-fibres  which 
convey  motor  impulses  from  the  brain,  paralyzes  the  mua-  I 
clos  of  the  body  and  limbs  of  the  opposite  side. 

Division,  therefore,  of  one  of  the  crura  cerebri^  soy  the 
right,  gives  rise  to  paralysis  of  the  left  side  of  the  body  and  | 
limbs,  and  the  animal  operated  upon  falls  over  to  the  left 
side,  because  the  limbs  of  that  side  are  no  longer  able  to    { 
support,  the  weight. 

But,  as  the  motor  nerves  given  off  from  the  brain  itself 
and  arising  from  the  medulla  above  the  decussation  of  the 
pyramids  do  uot  cross  over  in  this  way,  it  follows,  that 
disease  or  injury  at  a  given  point,  on  one  side  of  the  me- 
dulla oblongalu,  involving  at  once  the  course  of  the  voli- 
tional motor  channels  to  the  spinal  marrow,  and  the  origins 
of  the  cranial  motor  ncn-es,  will  affect  the  same  aide  of  the 
head  as  that  of  the  injury,  but  the  opposite  side  of  the 
body. 

If  the  origin  of  the  left  facial  nen'e,  for  example,  be  I 
injured,  and  the  volitional  motor  fibres  going  to  the  cord  f 
destroyed,  in  the  upper  part  of  the  medulla  oblongata,  the  I 
muscles  of  the  face  of  the  left  side  will  be  paralyzed,  and  ' 
the  features  will  be  drawn  over  to  the  opposite  side,  the 
muscles  of  the  right  side  baring  nothing  to  counteract  | 
their  action.  But  it  is  the  right  arm,  and  the  right  legf  I 
and  side  of  the  Ixidy,  which  will  be  jiowerless. 

Section  W.^~  Unconscious   Cerehration. 

334.  Seat  of  Intelligence  and  Will.— The  functions  of  , 

most  of  the  parts  of  the  brain  which  lie  in  front  of  the  1 

medulla  oblougat^  are,  at  present,  very  ill  understood ;  bid  1 
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it  is  oertain  that  extensive  tnjuiy,  or  removal,  of  the  cere- 
bral henuspheres  puts  an  end  to  intelligence  and  volunturj' 
movement,  atul  leaves  tbe  animal  in  the  condition  of  a 
macUlQe,  working  by  tlie  reflex  action  of  the  remainder  of 
llie  cerebrospinal  axis. 

We  have  seen  that  in  ihe  Crog  the  movements  of  llic 
body  which  the  spinal  cord  alone,  in  the  absence  of  the 
whole  of  the  brain  including  the  medulla  oblongata,  is 
capable  of  executing,  are  of  themselves  strikingly  complex 
and  varied.  But  none  of  these  movementfl  arc  voluntary 
or  epontaneoua ;  they  never  occur  unless  the  animal  be 
stimulated.  Removal  of  the  cerebral  hemispheres  ia  alone 
sufficient  to  deprive  the  frog  of  all  spontaneous  or  voluntary 
movements  ;  but  the  presence  of  the  medulla  oblongata 
and  other  parts  of  the  brain  (such  as  the  corpora  quadri- 
gemiua,  or  what  corresponds  to  them  in  the  frog,  and  the 
cerebellum)  renders  the  animal  master  of  inovenients  of  a 
far  higher  nature  than  when  the  spinal  cord  only  is  left. 
In  the  latter  case  the  animal  docs  not  breathe  when  left  to 
itself,  lies  Qat  on  the  table  nith  its  fore-Umba  beneath  it  in 
an  unnatural  position ;  when  irritated  kicks  out  its  legs, 
and  may  be  throwu  into  actual  convulsions,  but  never 
jumps  from  place  to  place  ;  when  thrown  into  a  bnain  of 
water  falls  to  the  bottom  like  a  lump  of  lead,  and  when 
placed  on  its  back  will  remain  so,  without  making  any 
effort  to  turn  over.  In  the  former  case  the  animal  sits  on 
the  table,  resting  on  its  front-limbs,  in  the  position  natural 
to  a  frog ;  breathes  quite  naturally ;  when  pricked  behind 
jumps  away,  often  getting  over  quite  a  considerable  dis- 
taoce ;  when  thrown  into  water  begins  at  once  to  swim, 
And  continues  swimming  until  it  finds  some  object  ou 
which  it  can  rest ;  nnd  when  placed  on  its  back  immedi- 
ately turns  over  and  resumes  its  natural  position.  Not 
only  so,  but  the  following  very  striking  experiment  may 
be  performed  with  it :  Placed  on  a  small  board  it  reniaina 
perfectly  motionless  so  long  as  the  board  is  horizontal ;  if, 
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however,  the  board  be  graduallj  tilted  up  so  tis  to  raise 
the  animal's  head,  directly  the  board  becomes  inclined  at 
such  an  angle  ua  to  throw  the  frog's  centre  of  gravity  too 
much  backwards,  the  creature  begins  slowly  to  creep  up 
the  board,  and,  H  the  board  continues  to  be  inclined,  will 
at  last  reach  the  edge,  upon  which  when  the  board  be- 
comes vertical  he  will  seat  himself  wifh  apparent  great 
content.  Nevertheless,  though  his  movements  when  they 
do  occur  are  extremely  well  combined  and  apparently 
identical  with  those  of  a  frog  possessing  the  whole  of  bis 
brain,  he  never  moves  spontuneously,  and  never  stirs  un- 
less irritated. 

There  can  be  no  doubt  that  the  cerebral  hemispheres 
are  the  seat  of  powers  essential  to  the  production  of  those 
phenomena  which  we  term  intelligence  and  will ;  but  there 
is  no  satisfactory  proof,  at  present,  that  the  manifestation 
of  any  particular  kind  of  mental  faculty  is  especially  allot- 
ted to,  or  connected  wdth,  the  activity  of  any  particular 
region  of  the  cerebral  hemispheres. 

335.  Keflex  Action  of  tlie  Brain,— Even  while  the  cere- 
bral hemispheres  arc  entire,  and  in  full  pissession  of  their 
powers,  the  brain  gives  i-ise  to  actions  which  are  as  com- 
pletely reflex  as  those  of  the  spinal  cord. 

"When  the  eyelids  wink  at  a  flash  of  light,  or  a  tlirealencd 
blow,  a  reflex  action  takes  place,  in  which  the  aScrent 
nerves  are  the  optio,  the  efferent  the  facial,  MTien  a  bad 
smell  causes  a  grimace,  there  is  a  reflex  action  through 
the  same  motor  nerve,  while  the  olfactory  nenes  constitute 
the  afferent  channels,  Tn  these  coses,  therefore,  reflex 
notion  nnist  be  effected  through  the  brain,  all  the  nerves 
involved  being  cerebral 

When  the  whole  body  starts  at  a  loud  noise,  the  afler- 
ent  auditory  nerve  gives  rise  to  an  impulse  which  passes 
to  the  medulla  oblongata,  and  thence  affects  the  great 
majority  of  the  motor  nerves  of  the  body. 

336.  B«flez  ActionB  In  reading  alond.— It  may  be  said 
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that  tliese  are  mere  mechanical  actions,  and  have  nothing 
to  do  with  the  operations  which  we  associate  with  intelli- 
gence. But  let  us  consider  what  takes  place  in  such  an 
act  BB  reading  alouJ.  In  this  case,  the  whole  attention  of 
the  mind  is,  or  ought  to  be,  bent  upon  the  subject-matter 
of  the  book ;  while  a  multitude  of  most  delicate  muscular 
actions  are  going  on,  of  which  the  reader  is  not  in  the 
slightest  degree  aware.  Thus  the  book  is  held  in  the 
hand,  at  the  right  distance  from  the  eyes ;  the  eyes  are 
moved  from  side  to  side,  over  the  lines  and  up  and  down 
the  pages.  Further,  tlie  most  delicately -adjusted  and 
rapid  movements  of  the  muscles  of  the  tips,  tongue,  and 
throat,  of  the  laryngeal  and  respiratory  miiBcles,  are  in- 
volved in  the  production  of  speech.  Perhaps  the  reader 
is  stimding  up  and  acoompanying  the  lecture  with  appro- 
priate gestures.  And  yet  every  one  of  these  muscular  acta 
may  be  performed  with  utter  unconsciousness,  on  his  part, 
of  any  thing  but  the  sense  of  the  words  in  the  book.  In 
other  words,  they  are  reflex  acts. 

337.  Artificial  Keflex  Actions— Education.  —  The  reflex 
actions  proper  to  tlie  spinal  cord  itself  are  natural,  and  are 
involved  in  the  structure  of  the  cord  and  the  properties  of 
its  constituents.  By  the  help  of  the  brain  we  may  acquire 
an  infinily  of  artificial  reflex  actioua  ;  that  is  to  say,  an  ao- 
tion  may  require  all  our  attention  and  all  our  volition  for 
its  first,  or  second,  or  third  performance,  but  by  frequent 
repetition  it  becomes,  in  a  manner,  part  of  our  organiza- 
tion, and  is  performed  without  volition,  or  even  conscious- 
ness. 

Afl  every  one  knows,  it  takes  a  soldier  a  long  time  to 
learn  his  drill — for  instance,  to  put  himself  into  the  attitude 
of  "attention"  at  the  instant  the  word  of  command  is 
heard.  But,  after  a  time,  the  sound  of  the  word  gives  rise 
to  the  act,  whether  the  soldier  be  thinking  of  it  or  not. 
There  is  a  atory,  which  is  credible  enough,  though  it  may 
not  be  true,  of  a  practical  joker,  who,  seeing  a  discharged 
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veteran  carrying  home  his  dinner,  suddenly  called  out 
tention ! "  whereupon  the  man  instantly  brought  bis  haa< 
down,  and  loBt  his  mult<jn  and  potatoes  in  the  gutter.    Tbe' 
drill  had  been  thorough,  and  its  effects  hail  become  embodied 
in  the  man's  nervous  structure. 

The  possibility  of  all  education  (of  which  military  drill 
is  only  one  porLicular  form)  is  based  upon  the  existence 
of  this  power  which  the  nervous  syslem  possesses,  of  ot^ 
ganizing  consoious  actions  into  more  or  less  unconscious, 
or  reflex,  operations.  It  may  be  laid  down  as  a  rule  that, 
if  any  two  mental  states  be  called  up  together,  or  in  suc- 
cession, with  due  frequency  and  vividness,  the  subsequent 
production  of  tbe  one  of  them  will  suffice  to  call  up 
other,  and  that  whether  we  desire  it  or  not, 

Tbe  object  of  intellectual  education  ia  to  create  s 
indissoluble  associations  of  our  ideas  of  things,  in  the  order 
and  relation  in  which  they  occur  in  Nature ;  that  of  a  moral 
education  is  to  unite  as  fixedly,  the  ideas  of  evil  deeds  with 
those  of  pnin  and  degradation,  and  of  good  actions  witb 
those  of  pleasure  and  nobleness. 

338.  The  Sympathetic  System.  —  Tlio  sympathet'u 
tern  consists  chiefly  of  a  double  chain  of  ganglia,  lying  at 
the  sides  and  in  front  of  tbe  spinal  coluRin,  and  connected 
with  one  another,  and  with  the  spinal  nerves,  by  commi*-' 
sural  cords.  From  these  ganglia,  nerves  are  given  off 
which  for  the  most  part  follow  the  distribution  of  the  ves- 
sels, but  which,  in  the  thorax  and  abdomen,  form  great 
net-works,  or  pleittiaes,  upon  the  heart  and  about  the  stom- 
ach. It  is  probable  that  a  great  proportion  of  the  fibres 
of  the  sympathetic  system  is  derived  from  the  spinal  cord ; 
but  others  also,  in  all  probability,  originate  in  the  gaogUft 
of  the  sympathetic  itself.  Tlie  sympathetic  nerves  it 
ence  the  muscles  of  the  vessels  generally,  and  those  of 
heart,  of  the  intestines,  and  of 
ia  probable  that  their  ganglia  are  centres  of  refli 
to  afferent  nerves  from  these  organs.     But  many  of  tl 
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motor  nerves  of  tK«  vessels  are,  as  we  have  seen,  under  the 

influence  of  parlicular  parts  of  tiie  spinal  oord,  though  they 

pass  through  sympathetic  ganglia. 


CHAPTER   XII. 


I 


HIBTOLOGT;    ok,  tiie   MIXUTE   BntCCXCEE   OF  TDE  TISSUES. 

Skctips  1. — Dn-mul  Tissues. 

939.  The  UicroBcopical  Ajtalysu  of  the  Body. —The 
various  organs  and  parts  of  the  body,  the  working  of  which 
has  now  been  described,  arc  not  merely  separable  by  the 
eye  and  the  knife  of  the  anatomist  into  membranes,  nerves, 
muscles,  bones,  cartilages,  and  so  forth ;  but  each  of  them 
13,  by  the  help  of  i.Ue  microscope.  Susceptible  of  a  finer 
analysis,  into  eertain  minute  constituents  which,  for  the 
present,  may  be  considered  the  ultimate  structural  ele- 
ments of  the  body. 

340.  Hoclei  and  Cells.—There  is  a  time  when  the  liuman 
body,  or  ralher  its  rudiment,  is  of  one  structure  throughout, 
consisting  of  a  more  or  less  transparent  matriXf  very  simi- 
lar in  nature  to  the  substance  of  which  the  white  blood- 
corpuscles  are  composed,  and  often  called  protoptasm^ 
through  which  are  scattered  minute  rounded  particles  of  a 
different  optical  aspect.  These  particles  ore  called  nvdeif 
and  as  the  matrix,  or  mailer  in  which  these  nuclei  are  em- 
bedded, readily  breaks  up  into  spheroidal  maescs,  one  for 
each  nucleus,  and  these  iiivesting  masaca  easily  take  on  the 
form  of  vesicles  or  celln,  this  primitive  structure  is  called 
ceUtdar,  and  eacti  cell  is  said  to  be  mtelmted. 

The  material  of  tlie  holy  whei)  in  this  stage  of  growth 
is  often  spoken  of  as  indifferent  tiimte.  A  very  fair  idea 
of  ita  nature  may  be  formed  by  supposing  a  multitude  of 
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white  blood-coqiuscles  to  be  collected  together  into  a  soft 
but  yet  semi-solid  maas. 

In  the  present  use  of  the  term  any  distinct  mass  t  f  pro 
toplaem  or  living  material  may  be  called  a  cell.  In  the 
vast  majority  of  cases,  however,  the  cell  contains  a  nucleus^ 
distinguiahed,  as  has  just  been  said,  from  tlie  ceUsubntanee 
in  wMoh  it  lies.  Very  frequently,  but  by  no  means  always, 
the  outer  layer  of  the  cell-substance  is  hardened  into  a  dis- 
tinct casing  or  envelope,  the  cell-W'tU,  the  cell  then  becom- 
ing an  undeniable  vesicle,  and  the  cell-substance  being  oftea 
spoken  of  as  the  cell-eonlenta.  The  cell-snbstance  may  re- 
main as  soft  Bcioi-solid  protoplasm,  or  may  be  hardened  in 
various  ways,  or  may  be  wholly  or  partially  lique6ed ;  in 
the  latter  case  a  cell-wall  is  naturally  always  present. 
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As  development  goes  on,  the  nuclei  simply  increase  is  J 
number  by  division  and  subdivision,  without  undergoing  J 
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any  marked  cliang;e ; '  but  the  subatancc  in  whicL  they  are 
embedded  becomes  very  Tariously  modified,  both  chemi- 
cally and  BtructuraUy,  and  gives  rise  to  those  peculiarities 
by  which  completely  formed  tissues  aro  distinguished  from 
one  another. 

341.  Epidennia  and  EpitheUoin. — ^In  the  adidt  body  the 
simplest  forms  of  tissue,  i.  e.,  those  in  which  the  mstrii: 
has  been  least  changed,  are  perhups  the  voriouB  kinds  of 
epitlielium  {including  the  ppidermiii). 

These  are  distinctly  cellular  in  nature — that  is,  the  p;^- 
tion  of  the  matrix  belonging  to  each  nucleus  can,  with  a 
little  pains,  be  recognized  as  distinct  fiYim  the  portions 
belonging  to  the  other  nuclei.  In  fact,  they  differ  from 
white  blood-corpuscles  cliiefly  in  two  jwints :  firstly,  the 
matrix  of  each  cell  becomes  more  or  less  chemically  changed 
so  as  to  lose  its  soft  protoplasmic  nature  (and,  at  the  same 
time,  its  power  of  executing  amceboid  movements) ;  and, 
secondly,  takes  on  a  rigid  definite  form,  which  may  or  may 
not  be  globular.  Tliese  epithelial  tissues  are  constantly 
growing  in  their  deepest  parts,  and  are,  as  constantly,  be- 
ing shed  at  their  surfaces. 

The  deep  part  consists  of  a  layer  of  such  globular, 
nucleated  cells  as  have  been  mentioned,  tlic  number  of 
"  which  is  constantly  increasing  by  the  spontaneous  division 
of  the  nuclei  and  cells.  The  increase  in  number  thus  ef- 
fected causes  a  thrusting  of  the  excess  of  cell -population 
towards  the  surface ;  on  their  way  to  which  they  become 
flattened,  and  their  walls  acquire  a  homy  texture.  Arrived 
at  the  surface,  they  are  mere  dead  horny  scales,  and  are 
thrown  off  {Fig.  lOG). 

Epithelium  of  the  kind  just  described  is  called  $qua- 
motis.  It  is  found  in  the  mouth,  and  its  scales  may  always 
be  obtained  in  aliundance  by  scraping  the  inside  of  the  lip. 

ftnot  Booteuo.  Willi*  thJi  1j  going  on.  Ibc  nudli  mnttl  Ibo  nndcl  ilso  dIvlilM,  each 
Mir  ouMoui  havliig  a  qnanmy  of  matrti  nlloItM  w  It.  bo  u  W  Binn  >  otw  nil  aael'r 
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Epidermic  coaaiats  of  exactly  similar  cells,  except  that  I 
the  conversion  of  the  topmost  cells  into  bnrny  scales  is  ] 
still  more  complete.  Tiie  nucleus,  too,  U  eventually  lost  I 
The  dtiep  layers  of  epidermis,  consisting  of  softer  cells  not  J 
yet  flattened  or  made  horny,  often  form  quite  a  distinct  1 
part,  and  these  are  often  spokcu  of  as  the  rate  mucosttm.  | 
(SeeFig.  40,  6/  Fig.  110,  </). 

Id  other  parts  of  the  alimentary  tract,  as  in  the  intes-  I 
tines,  the  full-groivn  epilliHinI  cell?  iire  placed  side  by  side   ' 
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with  one  another,  and  periiendicular  to  the  surface  of  the  'i 
membrane.  Such  epithelium  is  called  cylindrical  (Fig.  i 
53,  li,  b'),  or  columnar. 

In  some  places,  such  as  in  the  gastric  glands,  in  some  I 
parts  of  the  kidney,  in  the  ureters  and  elsewhere,  the  epi-  1 
thelial  cells  remain  globidar  or  sp/ieroidai. 

Squamous  epithelium  generally  consists  of  many  layers  1 
of  cells,  one  over  the  other;  in  other  forms  of  epithelium 
there  are  few,  in  some  ciises  apparenlly  only  two,  layers. 

Ciliated  epit/ifliiim  is  usually  of  the  cylindrical  kind, 
i  differs  from  other  cpithelinni  only  in  the  circumstuice  J 

;  one  or  more  incessantly  Tihrating  filaments  are  derel- 

d  from  the  free  surface  of  each  cell.     (See  196.) 
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342,  Hailo. — In  certain  regions  of  the  integument,  the 
epidermis  becomes  metiimorphosed  into  naile  and  hair». 

Underneath  each  nail  Hie  deep  or  dermic  layer  of  the 
ictf-gument  ia  peculiarly  modified  to  form  the  h«d  of  the 
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nail.  It  is  very  vascular,  aud  raised  up  into 
purallcl  ridges,  like  elongated  papillae  (Figs.  109,  110). 
The  Burfacea  of  all  these  are  covered  with  growing  epider- 
mic cells,  which,  as  they  flatten  and  become  converted  into 


J 
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horn,  coalesce  iato  a  solid  contiauous  plate,  the  nail.     At 
the  hinder  part  of  the  bed  of  the  nail,  the  integiiment  forms 
a  deep  fold,  from  the  bottoin  of  which,  in  like  manner,  new 
epidermic  cclb  are  added  to  the  base  of  the  nail,  which  is    I 
thus  construiued  to  move  forward.  ' 

The  nail,  thus  constantly  receiving  additions  &om  he- 
low  and  from  behind,  slides  forwards  over  its  bed,  and  pro- 
jects beyond  the  end  of  the  finger,  where  it  ia  worn  away, 
or  out  off. 

343.  Hain, — A  hair,  like  a  nail,  ia  composed  of  coa- 
lesced homy  cells ;  but,  instead  of  being  only  partially  sunk 
in  a  fold  of  the  integument,  it  is  at  first  wholly  inclosed  tn 
a  kind  of  bag,  the  hairsae,  from  the  bottom  of  which  a 
papilla  (Fig.  Ill,  i),  which  answers  to  a  single  ridge  of  the 
nail,  arises.  The  hair  is  developed  by  the  conversion  into 
horn,  and  coalescence  into  a  thaft,  of  the  superficial  cpi-  - 
dermic  cells  coating  tlie  papilla.  These  coalesced  and 
comified  cells  being  continually  replaced  by  new  growths 
from  below,  which  imdergo  the  same  metamorphosis,  the 
shaft  of  the  hair  is  thrust  out  until  it  attains  the  full  length 
natural  to  it.  Its  base  tlien  ceases  to  grow,  and  the  old 
papiDa  and  aac  die  away,  but  not  before  a  new  sac  and  pa- 
pilla have  been  formed  by  budding  from  tlie  sides  of  the 
old  one.  These  give  rise  to  a  new  hair.  The  shaft  of  a 
hair  of  the  head  consists  of  a  central  pilh,  or  medullftry 
matter,  of  a  loose  and  open  texture,  whicli  sometimes  con- 
tains air ;  of  a  trortieal  substance  surrounding  this,  made 
up  of  coalesced  elongated  homy  cells;  and  of  an  outer 
cuticle,  composed  of  flat  homy  plates,  arranged  transversely- 
round  the  shaft,  so  as  to  overlap  one  another  by  their  outer 
edges,  like  closely-packed  tiles.  The  superficial  epidermic 
cells  of  the  hair-sac  also  coalesce  by  their  edges,  and  be- 
come converted  into  root-eheaths,  which  embrace  the  root 
of  the  hair,  and  usually  come  away  with  it,  when  it  is 
plutiked  out. 

Two  sebaceous  glands  commonly  open  into  the  hair«ao 


Si* 

ncsr  its  openu^  and  npfdj  ihe  hair  witli  ■  Idod  ct  Mtml 
ponutum;  and  deli«te  uuaUi|jed  muMular  fibra*  ue  ao 
connected  witij  the  lwir«ac  as  to  cuae  it  to  pass  from  ita 
ordinary  oblique  position  into  oae  peipendicular  to  Uto 
6kiii,  when  tbej  ooutnct  (Fig.  39). 

They  are  made  to  coulract  hy  the  iufluciioe  of  cold  aud 
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terror,  which  thus  give  rise  to  "  horripilation,"  or  "  goose- 
akin,"  and  the  "  fltanJing  of  the  hair  on  end." 


Purt  Drtbi  ihnft  of 
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SEcnos  II,  — Interior  Tissues. 

3U.  The  Crystalline  Leu. — The  cystalUne  lens  is  com- 
posed of  fibres,  which  are  the  mrKlified  celU  of  the  epidor- 
mis  of  that  inverted  porlion  of  the  integument  from  which 
the  whole  anterior  chamber  of  the  eye  and  the  lens  are 
primitively  formed. 

345.  Cartilage. — \VhUe  epiiheliam  and  epiilermis  are 
found  only  on  the  free  surfaces  of  the  organs,  gristle,  or 
cartilage,  is  a  deep-seated  structure  (see  210,  211).     Uke 
them  it  is  essentially  cellular  in  nature,  but  differs  from 
them  widely  in  appearance  on  account  of  the  development    . 
of  a  large  quantity  of  the  so-called  interceUulai'  substance. 
That  is  to  say,  the  several  cells  do  not  lie  closely  packed    ' 
together  and  touching  each  other,  but  are  separated  from 
each  other  by  a  quantity  of  material  of  a  different  nature 
from  themselves.    Just  as  in  indifierent  tissue  each  nucleus 
is  embedded  in  a  matrix  of  protnphi^m,  so  in  cartilage, 
each  cell,  i.  e.,  each  micIcus  with  its  allotted  quantity  of   1 
protoplasm^  is  embedded  in  a  matrix  of  intercellular  nA-  ', 

Inasmuch  as  during  the  growth  of  cartilage  the  cello 
remain  soft  and  protoplasmic,  while  the  intercellular  suly 
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stance  is  conrertcd  into  a  Bolid  seiiu-trati5p«rent  hud  mat- 
tor,  it  oomes  to  pass  that  the  soft  iiude«t«d  cells  appear 
to  lie  in  cavities  in  the  battler  inlerceUulnr  substanoe  or 
matrix. 

In  epithelium  it  is  only  the  deepest-ljring  oells  whicfa 
undergo  diFision,  and  so  carry  on  the  growth  of  the  tissae. 
In  cartilage,  cell  -  division  is  much  more  general;  a  ceQ 
lying  in  its  cavity  divides  first  into  two,  then  into  fcur, 
and  BO  on,  the  intorrcliuhtr  Eubslai:ce  tneanwhile  gimring 
ID  between  the  young  cells  aud  thrusting  them  apart.  It 
is  by  means  of  the  repeated  divisions  of  the  cells  in  this 
way,  and  subsequent  development  of  iuleroellular  matrix 
in  between  the  young  colls,  that  cartilage  grows.     Coase- 


A  BHthn  of  nflUBirc.  ahrmipi 


quently,  the  cells  are  (requeotly  seen  arranged  in  groups 
with  more  or  less  malrii  between,  according  to  their  age. 

The  cells  remain  during  life  soft  and  protoplasmic,  but 
often  contain  a  number  of  large  oil-globuIes.  It  is  to  the 
hard  matrix  which  yields,  on  boiling,  tite  substance  cfion- 
drine,  that  the  physical  features  of  cartilage,  its  solidity 
and  elasticity,  are  due.  Cartilage  contains  no  vessels,  or 
only  such  as  extend  a  little  way  into  it  from  adjacent 
parts. 

846.  ConneetiTe  Tiasne. —  Connective  titme  fatso  oslfed. 
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JlbroTtHf  or  areolar,  or  Bometimes  cellular  tissue),  the 
extensirely  diffused  of  all  io  the  body,  at  first  sight 
to  differ  wholly  from  the  preceding  tissues.  Viewed 
the  microscope,  it  is  seen  to  consist  of  bands  or  cords,  or 
sheets  of  whitish  substance,  having  a  wavy,  fibrous  appear- 
ance, and  capable  of  being  split  up  mechanically  into  irnu- 
merable  fine  filaments  or  jibrilke.  The  addition  of  acetio 
acid  causes  it  to  swell  up  and  become  transparent,  entirely 
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losing  its  fibrous  aspect ;  and,  further,  reveals  the  presence  1 
of  two  elements  which  acetio  aoiJ  does  not  afiect,  viz., 

nuclei  and  certain  sharply-defined  fibres  of  different  degrees  ] 

of  fineness,  which  arc  called  elastic  fibres.     If  the  acid  be  I 

now  very  carefully  neutralized  by  a  weak  alkali,  the  con-  j 

nective  tissue  asHumes  its  former  partial  opacity  and  fibril-  i 

lat«d  aspect.     The  nuclei  thus  brought  to  light  by  acetia  J 
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acid  are  worthy  of  attcntioD,  beCBuae  careful  exsminatioa 
showH  that  they  belong  to  certain  cells  vrliicti  exist  in  all 
connective  tissue  in  greater  or  leas  number,  though  never 
in  abundance.  These  cells,  generally  called  connectiv&4uh 
sue  corpuscles,  consist  of  a  nucleus  and  protoplasmic  cell- 
substance,  and  in  fact  ore  not  uulike  cortilagc-cella  except 
that  they  are  very  often  very  irregular  in  form,  and  as  a  gen- 
eral rule  very  small.  Indeed,  we  may  very  justly  compare 
connective  tissue  with  cartilage,  much  as  they  seem  to  dif- 
fer in  general  appearunce.  Tiie  connective-tissue  corpuscles 
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correspond  to  the  cartilage-cells  ;  both  are  embedded 
matrix  which,  in  the  case  of  cartilag«,  remains  structure- 
less, but  becomes  solid  and  dense,  while  it,  in  tb< 
connective  tissue,  is  altered  or  metamorphosed 
said,  into  a  substance  composed  of  excessively  fine  fila- 
ments, mingled  with  which  arc  elastic  fibres. 

The  fine  fibrillated  substance  is  not  very  elastic,  and 
when  boiled  swells  up  and  yields  gelatine.    The  elastio 


\ 
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fibres  do  not  yield  gelatine,  and,  as  tlieir  name  indicates, 
arc  Iiiglily  elastic.  I'lie  proportion  of  elastic  fibre  to  the 
gelatine-yieldiug'  constituents  of  connective  tissue  varies 
in  different  parts  of  the  body.  Bometimes  it  is  so  great 
that  elasticity  is  the  Diost  marked  character  of  the  result- 
ing tissue. 

347.  Ligaments  and  Tendons, — Ligaments  and  tendons 
are  simply  cords,  or  bands,  whSlc  fa«i:ia;  are  sheets  of  very 
dense  connective  tissue,  lu  some  parts  of  the  body,  tho 
connective  tissue  is  more  or  less  mixed  with,  or  passes 
into,  cartilage,  and  such  tissues  arc  called  Jibro-caHil<ig63 
[see  Chapter  VII.),  or,  in  other  words,  the  matris  of  the 
cartilage  becomes  more  or  less  fibrillated,  thus  indicating 
the  analogies  of  the  two  tissues. 

The  name  cellular  applied  to  this  tissue  is  apt  to  lead 
to  confusion.  \\'hen  first  used  it  referred  to  the  cavities 
left  in  the  meshes  of  the  net-work  of  fibres  ;  it  has  nothing 
whatever  to  do  with  cells  technically  so  culled. 

348.  'EairCeWa.— Fat -cells  are  scattered  through  the 
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connective  tissue,  in  which  they  sometiraes  iiccumu!at«  in 

great  quantities.     They  are  spheroidal  sacs,  composed  of  a 

I  delicate  laetnbnuic,  on  one  side  of  which  is  a.  nucleus,  and 

distended  by  fatty  matter,  from  which  tl.e  more  solid  fats 


tame^mg*  ajvtmKm  oat  kfirr  death.  Etber  vill  t&gatn 
art  the  bt,  nd  lenv  tke  saa  raptj  ud  cclb|»d  (B; 

ntej- ue,  m  fKt,  cells  viUi  >  distiBCt  ecJtw^  the  «tt- 
coBtoato  or  eeltcidistanee  o(  «kic&  have  been  wboDr,  or 
aH  brt  wfccJiT,  ooBrated  into  £kt. 

OaMJfcrifale  tggn^atioBa  oC  bl-oeQs  are    rmstaatlj- 

fpwcBt  IB  aoae  pnts  of  Ibe  bodj*,  as  iu  the  orbit,  anil 
about  the  kidneys  and  heart ;  but  elsewhere  their  presence, 
in  anj  quanti^,  depends  very  much  on  the  state  of  nutri- 
tion. Indeed,  they  may  be  regarded  simply  as  a  reserve, 
formed  from  the  nutriment  which  Las  been  taken  into  the 
body  in  exceas  of  its  average  consumption. 

349.  Pigmont-CelU. — Pigment-cells  are  either  epidermic 
or  epithelial  cells,  in  which  colored  granules  are  deposited, 
or  they  are  connective-tissue  corpuscles  of  the  deeper  parts 
of  the  body,  iu  which  a  like  deposit  occurs.  Thus  the  color 
of  the  choroid  arises  partly  from  the  presence  of  a  layer 
of  epithelial  cells  {see  Fig.  93),  placed  close  to  the  rclinn, 
containing   pigment -granules,   and   partly    from   a    lurgo 
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number  of  irregularlj- shaped,  connective-liBsue  corpuscles 
crammed  with  pigment,  which  belong  to  the  deeper  con- 
nective-tissue layer  of  tlie  choroid.  The  pigment-cells  of 
the  frog'a  web  are  esseiitiiilly  conuectivc-l issue  corpuscles. 

Section  IIL — Oeaeous  Tissue*. 
360.  Stractnre  of  Bone. — Sone  is  essentially  composed 
of  an  animal  basis  impregnated  with  salts  of  carbonate  and 
phosphate  of  time,  through  the  substance  of  which  are 
aoattered  minute  cavities  —  the  Utcunm,  which  send  out 
multitudinous  ramifications,  called  canaliculi.  The  t 
liculi  of  different  lacunie  unite  together,  and  thus  establish 
a  coinmunicatioQ  between  the  dilTerent  lacume.  If  the 
earthy  matter  be  extracted  by  dilute  acids,  a  nucleus  may 
be  found  in  each  lacuna  ;  and,  if  young,  fresh  bone  be  care- 
fully esaniined,  a  certain  amount  of  eell-aubstance  will  be 
found  GUing  up  the  lacuna  round  the  nucleus ;  and,  not 
unfrequently,  the  intermediate  substance  appears  minutely 
fibrillated.  In  fact  bone,  if  we  lay  on  one  side  the  earthy 
matters,  presents  very  close  analogies  in  its  fundamental 
structure  wiLb  both  cartilage  and  connective  tissue.  The 
corpuscles  lodged  in  the  lacunie  correspond  to  the  corpus- 
cles of  connective  tissue  and  to  the  cells  of  cartilage,  whilo 
the  matris  in  which  the  earthy  matter  is  deposited  corre- 
sponds to  the  matrix  of  cArtilage,  and  to  the  fibrillated 
material  of  connective  tissua  (These  three  tissues,  in- 
deed, are  often  classed  together  aa  "  the  connective-tissue 
group.")  In  a  dry  bone  the  lacunee  are  usually  filled  with 
air.  When  a  thin  section  of  such  a  bone  is,  as  usual,  cov- 
ered with  water  and  a  thin  glass,  and  placed  under  the 
microscope,  the  air  in  the  lacuna?  reflects  the  light  which 
passes  through  them  in  such  a  manner  as  to  prevent  its 
reaching  the  eye,  and  they  appear  black.  Hence  the 
lacunm  were,  at  one  time,  supposed  to  be  solid  bodies, 
containing  the  lime-salts  of  the  bone,  and  were  called 
bone-<:orpiueks  (Fig.  118,  C). 


^^P      canals, 
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AU  bonfis,  except  the  smallest,  are  traversed  hy  small 
canals,  conrerted  bj  side-brancbcs  itito  a  net-work,  and 
containing  vessels  supported  by  more  or  lees  connective 
tissue  and  fatty  matter.  These  are  called  Maversian  canals 
(Fig.  118,  A,B).  They  always  open,  in  the  long-run, upon 
the  surface  of  the  bone,  and  there  the  vessels  which  they 
contain  become  connected  with  those  of  a  sheet  of  tough 
connective  tissue,  which  invests  the  bone,  and  is  called 
perioxteuin. 

In  many  long  bones,  such  as  the  thigb-boue,  the  oentre 
of  the  bone  is  hollowed  out  into  a  considerable  cavity, 
containing  great  quantities  of  fat,  supported  by  a  delicate 
connective  tissue,  rich  in  blood-vessels,  and  called  the  mai^ 
row,  or  medulla.  ITie  inner  ends  of  tlie  Haversian  canals 
oommunicato  with  this  cavity,  and  their  vessels  are  con- 
tinuoua  with  those  of  the  marrow. 

When  a  section  of  a  bone  containing  Huvorsian  canals 
is  made,  it  is  found  that  the  lacuna)  are  dispersed  in  con- 
centric zones  around  each  Haversian  canal,  so  that  the 
substance  of  the  bone  appears  laminated;  and,  where  a 
medullary  carity  esists,  more  or  fewer  of  these  coiicentrio 
lamellffi  of  osseous  substance  surround  it. 

361.  How  Bones  grow. — This  structure  arises  from  the 
mode  of  growth  of  bones.  In  the  place  of  every  bone 
there  exists,  at  first,  either  cartilage,  or  connective  tissue 
hardly  altered  from  its  primitive  condition  of  indifferent 
tissue.  When  OKaijicution  commenceK,  the  vessels  from 
the  adjacent  parts  extend  into  the  ossifying  tissue,  and  the 
calcareous  salts  are  thrown  down  around  them.  These 
calcareous  salts  invade  all  the  oBsifying  tissue,  except  the 
immediate  neighborhood  of  its  nuclei,  around  each  of  which 
a  apace,  the  lacuna,  is  left.  The  lacunie  and  canaliculi 
thus,  subatantially,  gaps  left  in  the  ossihc  matter  around 
each  nucleus,  whence  it  is  that  nuclei  are  found  in  the  la- 
cuna of  fully-fonneil  bone.' 

>  For  Ihs  uke  oF  ttinplldty  1  parpnaelf  omll  ill  montiaB  Ot  tbs  comp]< 
prouMei  In  the  iwslflcatlua  ot  cirllli^. 


J 


S98  ELEMENTART  PUTSJ0L0G7. 

Bone,  once  formed,  does  not  remuin  during  life,  but  ii 
constantly  disappearing  and  being  replaced  in  all  its  parts. 
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Nevertheless,  the  growth  of  a  bone,  as  a  general  rule,  takes 
place  ooly  by  addition  to  its  free  ends  and  surfaces.  Thus 
the  bones  of  the  skull  grow  in  thickness,  on  Iheir  surfaces, 
and  in  breadth  at  their  edges,  where  tliey  unite  by  »iUvres  ; 
and,  when  the  sutures  are  once  closed,  they  ceise  to  in- 
crease in  breadth. 

The  bones  of  the  limbs,  which  are  preceded  by  complete 
small  cartilaginous  models,  grow  in  two  ways.  Tlie  Car- 
tilage of  which  thoy  consist  grows  and  enlarges  at  its  ex- 
tremities until  the  bones  have  attained  their  full  size,  and 
remaioB  to  the  end  of  life  as  articular  cartilage.  But,  in 
the  middle,  or  shaft,  of  the  bone,  the  cartilage  docs  not. 
grow  with  the  increase  in  the  dimensions  of  the  bone,  but 
the  small  primary  bone  which  results  from  the  ossification 
of  the  cartilaginous  model  becomes  coated  by  successive 
layers  of  bone,  produced  by  the  ossification  of  that  part  of 
the  periosteum  which  lies  nearest  to  it,  and  which  really 
consists  of  indifierent  tissue — that  is,  of  nuclei  embedded 
in  a  matrix.  The  shaft  of  the  bone  thus  formed  is  gradu- 
ally hollowed  out  in  its  interior  to  form  the  medullary 
cavity,  bo  that,  at  last,  the  primitive  cartilage  totally  dis- 
appears. 

When  ossification  sets  in,  the  salts  of  lime  are  not  dif- 
fused uniformly  through  the  whole  mass  of  the  preBxisting 
cartilage,  or  connective  tissue,  but  begin  to  be  deposited 
at  particular  points  called  centres  of  ossification,  and  spread 
from  them  through  the  bone.  Thus,  a  long  bone  has  usu- 
ally, at  fewest,  three  centres  of  ossification — one  for  the 
middle,  or  shaft,  and  one  for  each  end ;  and  it  is  only  in 
adult  life  that  the  tlircc  hony  masses  thus  formed  unite 
into  one  bone, 

353.  Strnetnre  of  the  Teetli.  —  Teef/i  partake  more  of 
the  nature  of  bones  than  of  anv  other  organ,  and  are,  in 
fact,  partially  composed  of  true  bony  matter,  here  culled 
cement ;  but  their  chief  constituents  are  two  other  tissues, 
called  dentine  and  enamel. 


I 

I 

I 
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Each  tooth  presents  a  crown,  which  is  exposed  to  weaf, 
and  one  or  more  fangs,  wLich  are  buried  in  a  socket  fur^ 
mehed  by  the  jaw-bone  nnd  the  dense  raucous  niembrene 
of  the  mouth,  which  constitutes  the  gam,  Tlio  line  of 
junction  between  the  crown  and  tlie  fang  is  the  neck  of 
the  tooth.  In  the  interior  of  the  tooth  is  a  cavity,  which 
communicates  with  the  exterior  by  canals,  which  traverse 
the  &Dgg  and  open  at  their  points.  Tliis  cavity  is  the^w/p 
cavity.  It  is  occupied  by  a  highly- vascular  and  nervous 
tissue,  the  rfc>i(a^^>w^,  which  is  continuous  below,  through 
the  opening  of  the  fangs,  ivith  the  mucous  membrane  of 


the  gum. 


The  chief  constituent  of  a  tooth  is  fleiitine — a  dense 
ealciHed  substance  containing  less  animal  matter  than  bone, 
and  further  differing  from  it  in  possessing  no  lacuns,  or 
proper  canaliculi.  Instead  of  these  it  presents  innumera- 
ble, minute,  parallel,  wavy,  tubules,  which  give  off  lateral 
branches.  The  wider  ends  of  these  tubules  open  into  the 
pulp  cavity,  while  tbe  narrower  ultimate  terminations  ramify 
j«t  the  eurfece  of  the  dentine,  and  may  even  extend  into 
'  e  enamel  or  cement  (Fig,  120,  C), 
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The  enamel  coneists  of  very  small  six  sided  fibres,  set 
oloaely,  aide  by  s'vIl;  nearly  at  right  angles  to  ihe  surface 
of  the  dentine,  and  covering  the  crown  of  the  tooth  as  far 
OS  the  neck,  towards  which  the  enamel  thins  uS  and  joins 
the  cement  (Fig.  120,  A,  B). 

Enamel  is  the  hardest  tissue  of  ilio  body,  and  contains 
not  more  than  two  per  cent,  of  animal  matter. 


833 


ELEMENTABY  PHTSIOLOOT. 


The  cement  costs  the  fangs,  and  has  the  Btructare  of 
true  bone ;  but,  as  it  exisia  only  in  a  tliin  lajcr,  it  is  devoid 
of  Haversian  canals  (Fig.  120,  C). 

353,  How  Teeth  are  developed. — Tlie  devdopment  cS^ 
Ihe  teeth  commences  long  before  birth.     A  groove  ap] 
in  the  gum  of  each  side  of  each  jaw ;  and,  at  the  boti 
of  thia  groove  of  the  gum.  Eve  vascular  and  nervous 
pi'lic,  arise,  making  twentj  in  all.    The  walls  of  the  grooi 
grow  togetlier,  between  and  over  each  of  the  papOIxt,  at 
thus  these  become  inclosed  in  what  are  called  the  deni 

Each  papilla  gradually  assumes  the  fonn  of  the  future 
tooth.  Next,  a  deposit  of  calcific  matter  takes  place  at  the 
summit  of  the  papiilie,  and  estends  thence  downwards  tow- 
ards its  base.  In  the  crown  the  deposit  takes  on  the  form 
of  enamel  and  deotine ;  in  the  root,  of  dentine  and  cement. 
As  it  increases  it  encroaches  upon  the  substance  of  the  pa- 
pilla, which  remains  as  the  tooth  pulp.  The  fuUy-formed 
teeth  press  upon  the  upper  walls  of  the  sacs  in  which  they 
are  inclosed,  and,  causing  a  more  or  less  complete  absorp- 
tion of  these  walls,  force  their  way  through.  The  teedi 
are  then,  as  It  is  called,  net. 

The  cutting  of  this  first  set  of  teeth,  called  deciduom 
or  milk-teeih,  commeuces  at  about  six  months,  and  ent 
with  the  second  year.  They  are  altogether  twenty  in  i 
ber,  eight  being  cutting  teeth,  or  incUors  ;  foiu-,  eye-ti 
or  canines  ,'  and  eight,  grinders,  or  molars. 

Each  dental  sac  of  the  milk-teeth,  as  it  ia  formed,  giyet 
off  a  little  prolongation,  wliioh  becomes  lodged  in  the  jaw, 
enlarges,  and  develops  a  papilla  from  which  a  new  tooth 
is  formed.  As  the  latter  increases  in  size,  it  presses  upon 
the  root  of  the  njilk-tooth  whicJi  preceded  it,  and  thereby 
causes  the  absorption  of  the  root  and  the  final  falling  out, 
or  shedding  of  the  milk-tooth,  whose  pluce  it  takes.  ~ 
every  milk-tooth  is  replaced  by  a  tooth  of  what  ia 
the  jiemtanent  dentition.     The  permanent  incisors 


I 
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'  nines  are  latter  than  the  milk-teeth  of  the  same  name,  hut 
othernise  differ  litile  from  them.  The  permanent  tnolar», 
which  replace  the  milk-molars,  are  Email,  and  their  crowns 
have  only  two  points,  whence  they  are  called  bicuspid. 
They  never  have  more  than  two  fangs. 

364.  The  Fernument  Uolon. — ^^'e  have  thus  accounted 
for  twenty  of  the  teeth  of  the  adtilt.  But  there  are  thirty- 
two  teeth  in  the  complete  adult  dentition,  twelve  grinders 
being  added  to  the  twenty  teeth  which  correspond  with, 
and  replace,  those  of  the  milk-eet.  When  the  fifth,  or 
hindermost,  dental  sac  of  the  milk-teeth  is  formed,  the  part 
of  the  groove  which  lies  behind  it  also  becomes  covered 
over,  extends  into  the  back  part  of  the  jaw,  and  becomes 
divided  into  three  dental  sacs.  In  these,  papillie  are 
formed  and  give  rise  to  the  great  permanent  back  grind- 
ers, or  mokirs,  which  have  four,  or  five,  points  upon  their 
square  crowns,  and,  in  the  upper  jaw,  commonly  possess 
three  fangs. 

The  first  of  these  teeth,  the  anterior  molar  of  each  side, 
is  the  earliest  cut  of  all  the  permanent  set,  and  appears  at 
six  years  of  age.  The  last,  or  hindermost,  molar  is  the  last 
of  all  to  be  cut,  usually  not  appearing  till  twenty^one  or 
twenty-two  years  of  age.  Hence  it  goes  by  tlie  name  of 
the  "wisdom-tooth." 

Section  IV. — Musctdar  and  Nervous  Issues. 
355.  Haule,  Striated  and  Smooth.  —  Muscle  is  of  two 
kinds,  *(riaterf,  or  striped,  ami  smoolh,  plain, omnstrioted, 
•Striated  muscle,  of  which  all  the  ordinary  muscles  of  the 
trunk  and  limbs  consist,  is  composed  of  a  number  of  long 
parallel  cylindrical  fibres,  called  elementary  or  ultimate 
fnusntlar  Jibres,  which  are  bound  together  by  connective 
tissue  into  small  bundles.  These  small  bundles  again  are 
united  into  larger  bundles,  and  these  into  one  aggregate, 
by  connective  tissue,  which  supports  the  vessels  and  nervea 
of  the  muscle,  and  usually  forms  at  one  or  botli  ends  of  the 


DMtnc  tiwf,  coco,  bdh  Ifae  »,  boverar,  eD*idoped  in 
a  aheatb  fcawui  bf  s  t<i*i^  cfastir,  tiuB{Mueat  structure- 
■  (Tig;  121,  D,  ft). 
■  »  not  motractilr,  bot  its  dastkilj  a 
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11  more  transparent  matter.  A  more  Mat  Btriation,  separat- 
ing these  disks  into  lungitudliml  scries,  is  also  observable. 
When  the  sarcolcmma  is  toru,  the  contractile  substance 
of  dead  muscle  may,  under  some  circumstances,  be  di- 
vided into  disks  (Fig.  121,  C),  but  it  may  be  more  readily 
broken  up  into  minute  JiMllts  (Fig.  131,  A,  B),  each 
which,  viewed  by  transmitted  light,  presents  dark  and 
pirte,  which  alternate  at  intervals  corresponding  with 


d  ^1 

the      ^^k 


._      ..!DloiurltmHB»n;r.    Tliewlilllinl 
Mflbn-    a, ajaall QitciT :  fr,  small  vpln. 

<,  MpUlirisi  Blled  nltb  ia)«Ili>il  auwnu;  <^  imru  wDen  uie  cspuiulei  an  aWeat  w 

distances  of  the  transverse  strice  in  the  entire  fibre-    Nuclei 

Lare  observed  here  and  there  in  the  contract  Qo  substance 
within  the  sarcolcmma. 
In  the  heart,  the  muscular  fibres  are  striated,  and  have 
the  same  essential  structure  as  that  just  described,  but  tliey 
possess  no  sarcolemma. 
Smooth  muscle  consists  of  elongated  band-like  fibres, 
devoid  of  striation,  each  of  which  bears  a  rod-like 


3Sft.  Jm—  Ihnft^-JerroM  tittm  contains  two  ele- 
nenta,  mtnoJUnt  and  famgHomie  torptuela.  Oilinu/ 
Berve-fibres,  ndb  «a  w^Hiilr  tbe  essentiiil  coosthacBta 
of  mU  the  «xeb>ospu»l  botcs  except  the  oUKtor^,  «e 
daring  life,  or  wben  perfectlj  fresh,  enbcrliiMlric*)  filaments 
of  K  dew,  somewluit  oOr,  look.  Bat,  shortlr  after  death, 
a  sort  of  coagulntion  sets  op  whhio  the  fibn^,  sod  it  is  then 
fonnd  to  be  composed  of  a  reiy  delicate,  scmctoreless,  outer 
membrane  (which  is  not  to  be  confounded  n-itb  the  nturl- 
lemma),  forming  a  tube,  throngfa  the  oectie  of  whid)  runs 
the  axU-cylinder,  vrhich  b  probablv  composed  of  an  aggT<e- 
(fation  of  rery  fine  filaments.  Between  the  axis-cylinder 
and  the  tube  is  a  fluid,  rich  in  fatty  matters,  from  which  a 

1  elrongly-refracting  auljstanc^  bus  bern  thrown  down 
d  linos  the  tube. 

Bitob  is  tlift  atructure  of  all  the  larger  nerve-fibres  which 
9  by  side,  in  the  trunks  of  the  nerres,  bound  together 
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by  delicate  coDnective  tissae,  and  inclosed  in  a.  sbeath  of 
the  same  substance,  culled  the  neitrileinma.  In  the  trunks 
of  the  nen'es,  the  fibres  remain  perfeclly  distinct  from  one 
another,  and  rarely,  if  ever,  divide.  But,  when  the  nenes 
enter  the  central  organs,  and  when  they  approach  ttieir 
peripbenJ  Icnninations,  the  nerve-fibres  frequently  divide 
into  Iwnnches.  In  any  case  they  become  gradually  finer 
and  fmer,  until,  at  length,  axis-cylinder,  sheath,  and  con- 
tents, are  no  longer  separable,  and  the  nerve-fibre  is  reduced 


I 
I 


to  a  delicate  filament,  the  ultimate  lermination  of  which, 
in  the  sensory  organs  and  in  the  muscles,  is  not  yet  thor- 
oughly made  out, 

3fi7.  Tactile  CorpuscleB.— In  Clinptcr  Vm.  (239),  men- 
tion is  mode  of  peculiar  boilies  eailed  ta'-Cile  eorpvacka, 
which  arc  ovnl  musses  of  spoclatly  modified  connective 
tissue  in  relation  willi  llie  ends  of  the  nerves  in  tbo  pa- 
pillje  of  the  skin.  In  Fig.  124  four  such  papilla;,  which 
bave  been  rendered  transparent  and  stripped  of  their  epi- 
15 


I 
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dennis,  are  seen,  and  the  largest  contuiiia  a  tactile  oor*« 
puHcle  (e).  The  mode  in  which  serves,  not  connected  witli  I 
tactile  corpuscles,  end  in  the  skin,  ia  not  delinitj^ly  known.  1 

In  muscles,  the  nerve-fibre  seems  to  pierre  the  Barcc^'l 
lemma,  and  to  end  inside  the  ultimate  muscular  Ubre  in  b.| 
peculiar  knob  or  plate. 

In  the  brain  and  spinal  cord,  on  the  other  hand,  it  ii 
certain  that,  in  many  cases,  the  ends  of  the  nerve  fibres  are  '| 
continued  into  the  processes  of  the  ganglionic  corpuscles. 

358.  The  Ol&otory  Nerves, — The  olfacton/  nerves  are  J 
composed  of  pale,  flat  fibres  without  any  distinction  into  I 
aiis-cylindcr  and  contents,  but  with  nuclei  set  at  intervals.  J 
along  their  length. 


rio.  IJS.    Fio.  IM.    Fio.  1ST,  Fin,  121. 

Fl«.  11\ — A  Derrs-flhra  In  1U  (Mab  and  unxlUr^il  luindlllnii. 

FlR,  IS*.— A  Of  rTF-nbre  In  which  tho  grMlor  psn  or  tbo  aUtBlli  »pa  OMgotatod 
■Plfl  fa  Dk  UTV  be«D  finppdd  off  frooi  tbo  ■lU-ovlludi'F  {fi  ei. 

lilt.  IIT,— A  nrvs-fllin,  the  uuper  jHTt  <rfwliictl  niUlui  lU  iheitfa  ud 
ontniCM,  whOa  tha  lalt-efttaieT  (a  a)  proycu. 

gW.  11H.— Afwclhuilcairpuicla— a,iUDDclBiu  uhI  ddcIkiIiu.    (Uivnlfied 


I 
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Similar  fibres  are  found  in  the  ejinpathetic  nervea, 
Jttingled  with  fibres  of  tlie  same  structure  as  those  of  tho 
spinal  nerves. 

359.  Oanglionic  CorpasclM. —  Ganglionic  corpttaclee  &re 
cliiefly  found  m  tlie  cerebro-Bpiual  axis ;  in  the  ganglia  of 
the  posterior  nerve-roots,  and  in  those  of  the  sympathetic; 
but  they  occur  also  elsewhere,  notablj  in  Bome  of  the  sen- 
scry  organs  {see  Chapter  IX.). 

They  are  spheroidal  budies,  consisting  of  a  soft  semi- 
solid cell-substance,  in  the  midst  of  which  is  a  large  clear 
and  transparent  area  usually  termed  the  nucleus.  Within 
the  nucleus  again  is  generally  a  smaller  body  commonly 
termed  the  nucleolus  (Fig.  128,  a).  Each  ganglionic  cor- 
puscle sends  off  one,  two,  or  more  prolongations,  which 
may  divide  and  subdivide  ;  and  which,  in  some  cases,  unite 
with  the  prolongations  of  other  ganglionic  corpuscles,  whUe, 
in  others,  tliey  are  continued  into  nerve-fibres. 


CHAPTER   XIII. 

ANATOMICAL  AND  PHYSIOLOGIC Al.   CONSTANTS. 

380.  General  Statirtira,— The  weight  of  the  body  ( 
full-grown  man  may  be  taken  at  154  pounds. 
Such  a  body  would  be  made  up  of — 

Muscles  and  ttcir  appurlonanLGS        .         .  .         .      B8 


147' 
(hli'h  Hill  raxllly  drain  nvrr 
oDildenbhi  quiuiUtr  at  Mood 


Thormcic  rliiccrit    ■ 
AbdominAl  visocra 
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The  solids  would  consist  of  tbe  eleraenla  oxygen,  liy- 
drogen,   carboD,    nitrogen,    pliosplionis,    Bulphur,  silicon, 
cblorioe,  fluoriDc,  potassium,   sodium,   calcium   (lithium)^ 
magnesium,  iron  (manganese,  copper,  lead),  and  may  be  j 
arranged  under  the  heads  of — 

Proteids.         Amyloids.         Fats.         Minerals. 

Such  a  body  would  lose  in  24  hours — of  water,  about  | 
40,000  grains,  or  6  pounds ;  of  other  matters  about  14,500 
grains,  or  over  two  pounds  ;  among  which  of  carbon  4,000 
grains ;  of  nitrogen  300  grains ;  of  mineml  mattci-fl  400 
grains ;  and  would  purt,  per  diem,  with  as  mucb  heat  as 
would  raise  8,700  pounds  of  water  0°  to  1°  Fiibr,,  which  is 
equivalent  to  3,000  foot-tons.'  Such  a.  body  ought  to  do  as 
much  work  as  is  equal  to  450  foot-tona. 

Tlie  losses  would  occur  through  various  organs,  thus — ^by 

Wxm.  Ktria.  S.            r.                   | 

Qni&i.  Gnini.  Onliu.  Onlu. 

Longfl    .                 .      6,000  12,000  ....  8,S0O 

EldneTi    .        .          SS.OOO  1,000  SCO           140 

Bldn     .         .          .        10,000  100  10             100 

F«ce»       .                     2,000  800  40           400 

Total     .         .       4U,OO0  H,5U0  30O         4,000 

The  ffaitia  and  losses  of  the  body  would  be  as  follows : 

Creditor— Bolid  drj  food 8.000 

Oxygen lO.OUO 

Water 30,B0O 

Tolal 64,WJ0 

will,  however,  mmiji  mniln  In  Uia  mplllorieK  iqiI  Bmull  bl«>d-fM»K  itid  miut  )» 
nctunnt  nilb  Ibo  rnriaiu  Uuiuu.    The  total  quantity  of  blood  In  tho  bod;  la  nuw    ' 
alculitnl  IE  obont  1-lBUi  of  tho  body  veleht.  L  s..  about  IS  ponnda. 

■  A  fbot-Iaa  I>  tht  eqnliiltat  al  ilia  work  required  to  iitt  odo  ton  ona  foot  bifl 
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Debtor— Water ^ii,i>00 

Other  matters H,5U0 

Total a4,SD0 

361.  DigestlcnL — Such  a  Ixidy  would  require  for  daily 
food,  carbon  4,000  graiua,  nitrogen  300  grains;  which, 
with  the  other  necessary  elemeats,  would  be  most  con- 
veniently disposed  in — 

OmJnB. 

ProleldB 2,1)00 

Ainjloida 4,400 

FatH 1,200 

Kiaerals 400 

Water 38,600 

Total        ..        .  44,500 

which,  in  turn,  might  be  obtained,  for  instance,  by  means 
of— 

Lean  beer^leaka 5,000 

Bread 0,000 

Milk '!,000 

Potntoes 3,000 

Butter,  dripping,  etc. 600 

Water 22,900 

Toml 44,600 

The  faces  passed,  per  diem,  would  amount  to  about 
3,800  grains,  containing  solid  matter  SOO  grains. 

362.  CiroulatiOit. — In  such  a  body  the  heart  would  beat 
75  times  a  minute,  and  probably  drive  out,  at  each  stroke 
from  each  ventricle,  from  5  to  6  cubic  inches,  or  about 
1,500  grains  of  blood. 

The  blood  would  probably  move  in  the  great  arteries 
at  a  rate  of  about  12  inches  in  a  second,  in  the  capillaries 
ut  1  to  1^  inch  in  a  minute;  and  the  time  taken  up  in 
performing  the  entire  circuit  would  probably  be  about  30 
eeconds. 
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The  left  ventricle  would  probably  exert  a  pressure  on  1 
tbe  aorta  equal  to  the  pressure  ou  the  square  iuch  of  a 
colunin  of  blood  about  9  feet  in  height ;  or  of  a  coIudiq  of 
mercury  about  9^  inches  in  height ;  and  would  do  in  2i  i 
hours  an  amount  of  work  equivalent  to  about  90  foot-tons; 
the  work  of  the  whole  heart  being  about  120  foot-tons. 

363,  Respiration. — Such  a  body  would  breathe  15  times  J 
a  minute. 

The  lungs  would  contain  of  residual  air  about  100  cubic  I 
isohcs,  of  Eupplemental  or  reserve  air  about  100  cubio  J 
inches,  of  tidal  air  20  to  30  cubic  inches,  and  of  comple-  | 
mental  air  100  cubio  inches. 

The  vital  capacity  of  the  chest — that  is,  the  greatest  I 
quantity  of  air  which  could  be  inspired  or  expired — would  .J 
be  about  S30  cubic  inches. 

There  would  pass  through  the  lungs,  per  diem,  about  I 
350  cubic  feet  of  air. 

In  passing  through  the  lungs,  the  air  would  lose  from  | 
4  to  G  per  cent,  of  its  volume  of  oxygen,  and  gain  4  to  6 
per  cent,  of  carbonic  acid. 

During  24  hours  there  would  be  consumed  about  10,000 
grains  oxygen  ;  and  produced  about  13,000  grains  carbonic 
acid,  corresponding  to'  3,300  grains  carbon.  During  tho 
same  time  about  5,000  grains  or  9  ounces  of  water  would 
be  exhaled  by  the  lungs. 

In  24  hours  such  b  body  would  vitiate  1,750  cubic  feet 
of  pure  air  to  the  extent  of  1  per  cent.,  or  17,-'>00  cubio  feet 
of  pure  air  to  the  extent  of  1  per  1,000.  Taking  the  amount 
of  carbonic  acid  in  the  atmosphere  at  3  parts,  and  in 
pired  air  at  470  parts  in  10,000,  such  a  body  would  re"|uiro 
a  supply  per  diem  of  more  than  23,000  cubio  feet  of  or- 
dinary air,  in  order  that  the  surrounding  atmosphere  might 
not  contain  more  than  1  per  1,000  of  carbonic  acid  (when  [ 
air  is  vitiated  from  animal  sources  with  carbonic  acid  to  i 
more  than  1  per  1,000,  the  concomitant  impurities  become  I 
appreciable  to  the  nose).    A  man  of  the  weight  mentioned  J 
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(11  stone)  ought,  therefore,  to  have  at  least  800  cubic  feet 
of  well-ventilated  apace. 

364.  Cataneons  Excretion. — Such  a  body  would  throw 
off  by  the  sLiu — of  wat«r  about  18  ounces,  or  10,000 
grains  ;  of  solid  matters  about  300  grjios  ;  of  carbonio  acid 
about  400  grains,  in  24  hours. 

365.  Senal  Excretion. — Suck  a  body  would  pass  by  the 
kidneys — of  water  about  50  ounces ;  of  urea  about  fiOO 
graios;  of  other  solid  matters  about  600  grains,  in  24 
hours. 

366.  NervoBB  Action. — In  the  frog  a  nervous  impulsB 
travels  at  the  rate  of  about  80  feet  in  a  aeeond. 

In  a  man  a  nervous  (sensory)  impulse  has  been  variously 
calculated  to  travel  100,  200,  or  300  feet  in  a  second. 

387.  Histolc^. — Red  corpuscles  of  the  blood  are  about 
yjij^th  of  an  inch  in  breadth ;  white  corjjuscles  j-j'jryth. 

Striated  muBcular  fibres  are  about  firth  of  an  inch  in 
breadth ;  plain  i-jV^th, 

Nerve-fibres  vary  between  tuVb''^  "t"^  i-iHir"!  "^  *" 
inch  in  breadth. 

Connective  tissue  fibrils  are  about  ni'inF*''  <*f  ""  ^^  '•* 
breadth. 

Epithelium  scales  (of  the  skin)  are  about  j^i^th  of  an 
inch  io  breadth. 

Capillary  blood-vessels  are  from  ^  jl^jth  to  yi^tb  of  an 
~  inch  in  breadth. 

Cilia  (from  the  windpipe)  are  about  jiVir^'i  '^^  ^"  ^^'^^ 
in  length. 

The  cones  in  the  "yellow  spot"  of  the  retiua  are  about 
jflifljth  of  an  inch  iu  breadth. 
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CHAPTER   XIV. 

BCOrE   A!.T>  AIMS   OP   nTGIEyE. 

368,  Applied  Fhysiology, — Thus  far  the  student  has 
been  occupied  in  getting  an  understaudino;  of  the  truths 
of  physiological  science,  or  of  the  actions  of  the  living  sys- 
tem in  normal  conditions.  Tiiia  knowledge  has  two  great 
practical  applications:  the  first  to  Sygienc,  or  the  art  of 
preserving  health ;  and  the  second  to  Medicine,  or  the  art 
of  restoring  it.  When  the  vital  niaohine  has  once  become 
seriously  deranged,  profound  knowledge  and  great  skill 
and  experience  may  be  required  to  set  it  right  again,  and 
tiiis  is  the  work  of  the  physician,  who  lias  to  devote  hia 
life  to  professional  atiidv.  But,  happily,  it  requires  lesa 
knowledge  to  keep  what  we  already  have  than  to  recover 
it  when  lost.  How  to  lake  care  of  the  health,  or  to  avoid 
many  causes  of  dLscase,  may  be  learned  by  all.  Tlmt  gen- 
eral acquaintance  with  the  mechanism  and  working  of  the 
living  system,  which  all  persons,  even  moderately  educated, 
should  possess,  is  not  only  valuable  to  guard  it  against  ii 
jury,  but  also  to  improve  its  various  powers  and  capabili- 
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ties.  If  life  and  its  opportunities  be  valuable,  what  knowl- 
edge can  compare  in  importance  with  that  which  teaches 
how  it  is  to  be  prolonged,  and  its  various  capacities  aug- 
mented ? 

369.  False  ConceptionB  of  Disease.  —  In  early  ages  it 
■was  the  custom  to  explain  all  effects  iu  Nature  by  suppos- 
ing personalities  like  our  own  wbicb  produce  them.  The 
air,  tbe  earth,  the  forest,  the  streams,  the  sea,  were  peo- 
pled with  imaginary  beings,  who  were  believed  to  be  tbe 
agents  by  which  all  the  operations  of  Nature  were  carried 
on.  The  regular  actions  of  the  living  system  were  thought 
to  be  due  to  spirits  which  inhabited  it,  and  its  disorders 
to  the  agency  of  evil  spirits.  Though  these  superstitions 
long  since  passed  away,  the  ideas  which  replaced  them 
involved  errors  of  a  kindred  nature.  Diseases  were  no 
longer  considered  as  personal  agencies  to  be  driven  out 
by  exorcism,  but  there  still  lingered  the  idea  that  they 
were  things,  independent  existences  or  entities,  which 
were  in  some  mysterious  way  thrust  into  the  system,  and 
"expelled"  from  it  by  the  action  of  medicines.  Vague 
notions  of  this  kind  stUl  widely  prevail,  and  great  num- 
bers regard  diseases  as  things  that  cotne  arbitrarily,  or 
we  "sent"  by  Divine  Providence  as  judgments  or  punish- 
ments for  sins. 

Views  of  this  kind  are  unfavorable  to  hygienic  efforts. 
We  can  easily  understand  that  minds  fully  possessed  bv 
thera  will  tend  to  a  passive  acquiescence  in  wliat  Is  felt  to 
be  unavoidable,  and  the  propitiation  of  Divine  fnvor,  by 
fasting,  humiliations,  and  prayers,  will  take  the  place  of 
intelligent,  vigilant,  and  systematic  measures  for  the  pre- 
vention of  disease.  In  past  times,  indeed,  Ruch  notions 
have  operated  as  powerful  hinderances  to  hygienic  precau- 
tions. When  quarantine  regulations  were  first  instituted 
to  prevent  the  spread  of  contagion  by  ships  from  port  to 
port,  and  when  vaccination  was  proposed  as  a  preventive 
of  small-pox,  religious  ideas  were  aroused  into  antagonism. 
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and  these  beneficent  ineasurea  were  decounced  as  impiously 
contravening  the  Divine  designs  whicii  employed  plagues 
as  scoiu^s  to  punisli  tlie  t  ran  egressions  of  niaukiiij.  In 
tliis  way  false  theories  of  tbe  nature  and  cnuses  of  disease 
acted  as  an  obstruction  to  Lygienic  iniprovenient. 

870.  The  Tme  Idea  of  ke&lth  and  Disease.  —  Iilodci-n 
physiology  has  brought  us  to  a  better  understanding  of  the 
Bubject.  As  we  have  seen,  throughout  the  foregoing  pages, 
physiology  is  the  science  of  vital  power.  Power  is  the  ao 
compauinient  of  material  change,  and  the  ninnifeEtation  of 
all  aniinal  functions  is  dependent  upon  vital  tranefomia- 
tions.  Not  only  is  the  living  body  in  constant  visible  move- 
ment, but  in  all  its  minutest  parts  and  tissues  there  is  an 
incessant  metamorphosis — a  rapid  escape  and  renewal  of 
the  constituent  atoms,  and  it  is  in  this  that  life  essentially 
consists.  That  active  and  unimpeded  nietnmorphcsis  and 
prompt  elimination  of  wiiste  products  which  give  rise  to 
the  highest  and  most  vigorous  life  ccinstitute  Ueaitb  ; 
while  the  obstruction,  depression,  or  perveraion  of  these 
vital  changes  constitiitcB  Disease,  We  llius  escape  from 
the  mischievous  error  that  maladies  are  foreign  intrusions 
— Eubstautive  existences  which  get  mysterious  lodgment 
in  the  living  organism,  and  find  tliat  they  are  simply  dis- 
turbed physiological  actions.  A  disease  may  consist  in  tlie 
loss  of  power  to  remove  or  excrete  normal  but  injurious 
products ;  or  perverted  transformations  may  give  rise  to 
wrong  products,  and  these  may  create  still  further  dis- 
turbance, but  in  all  cases  the  essence  of  disease  is  lo  be 
regarded  as  abnormal  activity. 

Gout,  for  example,  is  a  malady  in  which  bad  habits  per- 
vert the  nutritive  changes  and  originate  morbid  products ; 
its  chief  peculiarity  being  the  deposition  of  urate  of  soda  in 
and  about  the  joints.  In  health  there  is  scarcely  a  trace 
of  this  salt  to  bo  found  in  the  blood,  and  even  this  small 
proportion  is  being  constantly  thrown  off.  Certain  con- 
Lditdone  of  living,  however,  such  as  the  habitual  use  of  wines 
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the  disease  and  certain  conditions,  as  filtb,  bad  air,  over- 
crowding, and  irregularities  of  living,  so  conimon  iii  cities, 
began  at  length  to  be  perceived,  and  steps  taken  to  remove 
the  causes.  The  adequacy  of  these  measurea  baa  beeu  fully 
vindicated,  and,  with  the  knowledge  that  its  conditions 
are  controllable,  the  predisposing  alarms  have  ceased,  the 
ravages  of  the  epidemic  have  been  greatly  circumscribed, 
end  there  is  Ihc  amplest  experience  to  show  that  thorough, 
yet  Gimple,  measures  of  purification  are  suffiuieot  for  its 
complete  prevention. 

Scurvy  is  another  case  in  point.  This  disease,  which, 
until  recently,  has  been  the  Bcourfre  of  the  sailor  and  boI- 
dier,  and  for  centuries  was  regarded  as  wholly  beyond  the 
power  of  remedies,  also  turns  out  to  be  fully  preventable, 
"There  u  no  more  interesting  fuct  in  ihe  history  of  medi- 
cine than  that  tliis  condition,  whicii  has  been  looked  upou 
at  various  times  as  plague,  as  a  mysterious  infliction  of  Di- 
vine justice,  against  which  man  could  only  strive  in  vain, 
or  as  a  disease  inseparable  fi-om  long  voyages,  should  have 
been  proved  by  evidence  of  o  most  satisfactory  character 
to  arise  from  causes  in  the  power  of  man  to  prevent,  and 
to  be  curable  by  means  wliicli  every  habitable  country  af- 
fords," Instead  of  inquiring  into  the  conditions  of  its 
origin,  and  seehiag  means  of  prevention,  the  medical  pro- 
fession, for  hundreds  of  years,  was  engaged  in  ransacking 
Nature,  with  the  hope  of  finding  something  that  might 
prove  an  effectual  remedy.  Tlie  search  was  fruitless  until 
attention  was  turned  to  the  cause  of  the  disorder,  which 
proved  to  be  a  lack  of  vegetable  food,  and  the  simple  pre- 
caution of  furnishing  this  has  been  the  signal  for  the  almost 
total  disappearance  of  the  disease.  Many  other  illu5tra- 
tions  might  be  given  of  the  efEciency  of  hygienic  resources 
to  arrest  and  prevent  the  spread  of  dangerous  maladies, 
but  they  are  needless. 

373.  Bemedial  Influence  of  Hygienic  Agencies. — Another 
important  consideration  deserves  to  he  stated  in  this  ph 
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it  is  that  hygienic  measures  hove  a  most  important  reme- 
dial value.  If  tbe  coaditiont;  of  hcuUti,  wheu  modified  or 
perverted,  become  causes  of  disease,  lo  whutever  extent 
restorative  medicines  may  be  desirable,  it  is  certain  tiiat 
the  firat  dictate  of  wisdom  is  to  rectify  these  wrongly-acting 
conditions.  Medical  treatment,  thus,  has  its  hygienic  re- 
sources, which,  with  the  enlargement  of  rational  experience, 
are  coming  into  greater  and  greater  prominence.  All,  who 
have  watched  the  progress  of  the  healing  art  in  recent 
times,  will  note  that  among  the  most  enlightened  prac- 
titioners there  has  been  a  steadily  diminishing  confidence 
in  medication,  and  an  increasing  reliance  upon  the  sani- 
tary influence  of  Nature.  It  is  notorious  that  in  propor- 
tion to  people's  ignorance  of  their  own  constitutions  and 
the  true  causes  of  disease,  is  their  credulous  confidence 
in  pills,  potions,  aud  quackish  absurdities,  and,  while  this 
ignorance  coutiuues,  there  will  of  course  be  plenty  of  doc- 
tors who  will  pander  to  it.  And,  not  the  least  of  the  bene- 
fits likely  to  follow  the  better  diffusion  of  physiological  and 
sanitary  information  will  be,  the  protection  of  the  com- 
munity from  the  numberless  impostures  of  charlatanism, 
and  a  better  discrimination  of  tbe  qualifications  of  com- 
petent phynicians. 

374.  The  Soorcea  of  ni-Health. — The  more  important  ma- 
terial agencies  and  conditions,  closely  related  to  the  processes 
of  life,  are  air,  water,  food,  clothing,  esercise,  climate,  soil, 
and  occupation.  Some  of  these,  such  as  air  and  food,  are 
indispensable;  others,  like  clothing  and  exercise,  are  re- 
quired to  make  existence  tolerable,  and  all,  when  rightly 
adjusted,  are  favorable  to  health.  But  all  are  liable  tc 
changes  of  character  that  make  them  daugcrouu  to  bodily 
well-being;  and,  the  extent  of  the  danger  in  tlie  case  of 
each,  when  thus  depraved,  is  fairly  measured  by  the  im- 
portance of  the  part  it  plays  in  healthy  physiological  ac- 
tion. Life  cannot  go  on,  for  example,  without  air  and 
food,  and  we  accordingly  find  that  both  air  and  food,  in 
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their  vitiated  Btates,  are  among  tbi;  most  common  sources 
of  disease.  Clothing  is  not  only  a  requisite  of  civiliza- 
tion, but  has  come  to  have  au  importunt  share  in  the  regu- 
lation of  certain  physiological  operations ;  aud,  when  not 
wisely  adapted,  it  too  uots  as  a  disturber  of  the  bodily 
]>euoe.  To  inquire  into  the  manner  in  which  these  various 
agencies  suffer  deterioration,  and  thus  become  converted 
into  sources  of  disease,  and  to  point  out  the  methods  to  be 
pursued,  in  order  to  avoid  their  ill-effects,  are  the  objects 
of  the  following  chapters. 


CHAPTER    XV. 


t  AND   RKALTTl. 


Sscnos  L — Composition  aud  Oj^ie  of  the  Air. 
376.  Its  Chief  Comrtitueats.— The  chief  constituents  of 
the  atmosphere  are  a  pair  of  elements,  oxygen  and  nitro- 
gen, and  a  pair  of  compounds,  carbonic  acid  and  watery 
vapor.  The  student  will  remember  that,  in  treating  of 
respiration  (Chapter  IV.),  it  was  stated  that  oxygen  forms 
twenty-one  par  cent,  and  nitrogen  seventy-nine  per  cent., 
very  nearly,  of  th^i  bulk  of  the  air.  Oxygen  is  the  life- 
sustaining  element,  and  requires  to  lie  kept  up  to  tliis 
standard  for  healthy  respiration.  Nitrogen  is  the  nega- 
tive or  diluting  element  of  the  air.  The  proportion  of 
these  constituents  is  tolerably  GOi;Etant,  wherever  the  air 
is  free  from  contaminating  influences;  but  the  quantity  of 
oxygen  is  always  notably  diminished  in  the  air  of  towns. 
The  amount  of  carlwnic  acid  ranges  from  three  to  six  parts 
in  ten  thousand.  Its  proportion  is  greater  in  the  air  of  the 
highest  motinlains  than  in  the  air  of  plains,  and  in  the  air 
of  towns  than  in  country  air.  Saussure  has  also  shown 
that  air  contains  more  carbonic  acid  at  night  than  in  the  day- 
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time,  more  in  Bummer  thau  in  winter,  and  more  in  dry  Uian 
in  rainy  wcatber.  The  quantity  of  aqueous  vapor  is  highly 
variuble,  and  is  mainly  determined  by  temperature.  Wlien, 
at  a  given  temperature,  the  air  ha3  iiU  it  can  hold,  it  is  said 
to  be  saturated.  From  fifty  to  seventy-five  per  cent,  of  the 
amount  required  for  complete  saturation  ie  usually  present, 
though  the  quantity  frequently  ranges  both  above  and  be- 
low these  limits,  and  then  the  air  becomes  unpleasantly 
moist,  or  dry,  as  the  case  may  be. 

376.  Its  Hinor  CoiutitaentB,  —  Alung  with  (he  above, 
natural  air  contains  minute  quantities  of  ammonia,  mostly 
in  combiaation  with  carbonic  acid,  sulphur,  or  chlorine. 
The  proporlioD  rarely  esceeds  one  part  in  a  millioo  of  air; 
ozone  (regarded  as  an  ailotropic  farm  of  oxygen)  la  also 
reckoned  a  normal  constituent.  Spectrum  analysis  has 
shown  that  the  salts  of  so<lium  are  everywhere  present  in 
small  amount,  and  traces  of  organic  matter,  cither  llviug 
or  dead,  arc  also  generally  found.  Other  substances,  ia 
minute  quantities,  are  often  present  in  the  air  of  particular 
localities,  but  the  foregoing  constituents,  in  the  proportions 
named,  form  the  external  atmosphere,  or  what  is  com- 
monly known  as  pure  air. 

377.  Office  of  Air  in  Bespiration. — Air  performs  a  double 
work  in  the  respiratory  process.  We  have  learned  that  one 
of  the  essential  conditions  of  life  is  waste  of  tissue,  and  this 
requires  the  presence  of  oxygen  in  every  part  of  the  or- 
ganism, Tlie  oxygen  thus  employed  ia  furnished  by  the 
air,  through  the  medium  of  the  Jimgs  and  blood.  Dut,  aa 
the  work  of  oxidation  goes  on  within  the  svstem,  it  is 
necessary  that  the  resulting  waste  be  speedily  removed. 
And  here,  again,  the  air  comes  into  play,  receiving  in  the 
lungs,  in  tlie  place  of  the  oxygen  yielded  to  the  blood, 
a  certain  proportion  of  effete  matter  in  the  shape  of  car- 
bonic acid  and  watery  vapor,  ivliii'h  it  carries  forth  into 
the  extemul  atmosphere. 

378.  Its  Action  on  Noxioiis  ProdutJts.  —  Air  performs  a 
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Bcarcel;  less  important  service  for  the  health  of  tnaii,  in 
the  cxterDul  world.  Gaseous  and  vaporous  cmaDatioos  of 
all  degrees  of  virulence  are  constantly  pouruig  into  it  from 
numberless  sources,  and,  if  these  were  Buffered  to  accumu- 
late, the  earth  would  soon  become  unfit  for  habitation. 
But,  in  the  air  itself,  we  have  a  purifying  agency  tbat  ia 
continually  at  work  on  the  grandest  scale.  By  means  of 
ninds  and  -currents  these  dangerous  contaminations  ara 
effectually  dispersed,  and  tlius  brought  in  contact  with 
oxygen  are  rapidly  destroyed  or  rendered  iunocuous,  by 
oxidation.  It  not  only  acta  as  a  purifier  of  the  living 
body,  but,  when  left  to  itself,  air  is  a  cleanser  of  foul  places 
everywhere.  It  is  only  when  man,  heedless  of  Nature's 
methods,  hinders  her  processes  of  purification  by  artificial 
barriers,  that  this  otherwise  beneficent  element  becomes  a 
source  of  danger  and  disciue. 

Section  n, — Impurities  o/die  Air. 

379.  Sources  of  its  ImpnritieB.— Air  is  rendered  impure 
OP  unfit  for  respiratory  purposes  both  by  disturbance  in  the 
proportion  of  its  normal  constituents,  and  by  many  sub- 
stances in  the  shape  of  gases,  vapors,  and  solid  particles, 
vrbich  are  thrown  into  it  from  a  variety  of  sources.  Those 
arising  from  the  habitations  and  works  of  men  are  of  the 
most  importance,  in  a  hygienic  point  of  view,  both  because 
we  are  constancy  exposed  to  their  influence,  and  because 
they  are  moat  completely  subject  to  control. 

380.  Their  Belation  to  the  Senses. — Many  of  these  im- 
purities can  be  detected  neither  by  taste  nor  smel],  and  are 
inhaled  without  any  knowledge  of  their  presence.  Others 
MB  recognized  at  first ;  but,  as  the  nertes  soon  lose  their 

i  sensibility  of  discrimination,  the  senses  are  unre- 
ors.     Hence,  injurious  influences,  that  do  not 
1  immediate  and  painful  disease,  are  generally  apt 
leglected.     There  is,  besides,  a  false  It 
Kit  being  inferred  that,  because  the  senses  lose  thdr  1 
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Busoeptibility  to  morbific  influences,  the  system  therefore 
becomes  accustomed  and  adapted  to  tbetn,  when  they  cease 
to  be  detrimental.  But  no  error  could  be  more  pernicious, 
as  it  leads  to  carelessness  and  indifleretice  with  respect  to 
those  insidious  agencies  which  slowly  and  silently  sap  the 
fousdatious  of  health.  Common  instinct  is  sufficient  to 
guard  against  palpable  causes  of  injury  ;  intelligence  alone 
can  protect  us  from  the  latent  and  deeper  agencies  of 
physiological  mischier. 

3B1.  Oarbonio  Add  aa  an  Impmity.-'Carbonic  acid  is 
thrown  into  the  atmosphere  by  breathing,  by  combustion, 
and  by  the  oxidation  or  decay  of  organic  matter.  A  cubic 
foot  of  air,  of  average  purity,  contains  a  little  less  than  a 
cubic  inch  of  carbonic  acid.  A  cubic  foot  of  air,  as  it  comes 
from  the  lungs,  contains  upwards  of  seventy  cubic  inches 
of  carbonic  acid.  About  three  hundred  and  fifty  cubic  feet 
of  air  pass  through  the  lungs  of  an  adult  man  in  twenty- 
four  hours,  losing  some  seventeen  cubic  feet  of  oxygen  to 
the  blood,  and  gaining  tberelrom  a  nearly  equal  quantity 
of  carbonic  acid.  The  breathing  of  each  adult  thus  adds 
about  one  per  cent,  of  carbonic  acid  to  seventy-three  cubic 
feet  of  air  per  hour,  which  would  vitiate  to  this  extent  more 
than  one  foot  per  minute,  while  the  effect  is  much  increased 
by  the  surface  exhalations. 

The  quantity  poured  into  the  air  by  combustion  is  enor- 
mous ;  fifteen  thousand  tons,  according  to  the  calculatJon 
of  Dr.  Angus  Smith,  are  daily  thrown  into  the  air  from 
this  source  in  the  city  of  Manchester  alone.  But  the  prod- 
ucts of  firing  pass  into  the  outer  air,  and,  if  gaseous,  are 
rapidly  diffused ;  but  those  of  lighting,  hke  those  of  breath- 
ing, are  often  suffered  to  accumidate  in  living  apartments. 
The  combustion  of  one  cubic  foot  of  coal-gas  consumes  the 
oxygon  of  ten  cubic  feet  of  air,  and  produces  two  cubic 
feet  of  carbonic  acid.  The  combustion  of  a  pound  of 
consumes  the  oxygen  of  one  hundred  and  thirty  feet  of 
and  produces  about  twenty-one  cubic  feet  of  carbonic 
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These  (acts  show  the  npiditT  with  which  the  brcsthiDg' 
medium  of  inhabited  spartments  tends  to  be<»me 
riorated. 

It  is  difficdlt  to  estiauie  the  unoimt  of  rarbouic 
aming  frota  the  decay  of  organic  matter ;  but, 
decay,  onder  favorable  coodiuons  of  temperature,  is  ereiy- 
where  going  on,  the  djuiy  aggregate  must  be  veiy  great. 
The  increased  quantity  of  carbonic  acid  found  in  the  air 
of  towns  is  doubtless  partly  derived  from  (his  source. 

As  carbonic  acid  is  constantly  geoenited  within  the 
body,  ve  may  r^ard  the  presence  of  a  certain  small  amount 
of  it  as  quite  compatible  with  health.  But,  when  not 
promptly  elimiiiated,  its  actioo  becomes  quickly  injurious. 
Two  volumes  in  a  thousand  of  air  cause  headache  and  T^^ 
ti^  in  many  persons.  Air  containing  one  per  c«nt.  of  it 
is  soporific  and  depressing.  From  five  to  eight  per  cent, 
rendera  it  dangerous  to  breathe,  while  ten  to  twelve  ptx 
cent  makes  it  speedily  destructive  to  life. 

The  presence  of  an  eseesa  of  carbonic  acid  in  the  air 
denotes  in  nearly  every  cose  a  lessened  proportion  of 
oxygen,  and,  if  the  air  has  been  contaminated  by  breath- 
ing, a  decided  increase  in  the  amouut  of  organic  matter. 
These  conditions  make  it  dangerous  to  breathe;  but, 
whether  this  danger  is  due  to  the  extra  quantity  of  car- 
bonic acid  and  orgaiuc  matter,  or  to  the  absence  of  oxy- 
gen, or  partly  to  the  one  and  partly  to  the  other  condition, 
is  not  yet  cloarly  settled.  It  b  sufficient  for  all  practical 
purposes,  however,  to  know  that  the  three  conditions  are 
commonly  associated  in  air  contaminated  by  respir^lioiL 

382,  Watery.  Vapor  u  an  Impurity.— Wlien  air  enters 
tlie  lungs  its  temperature  is  raised  to  nearly  or  quite  Hiat 
of  the  blood ;  its  capncity  for  moisture  is  thereby  greatly 
increased,  and  when  breathed  out  again  it  is  always  com- 
pletely saturated.  Air  in  this  condition,  no  mutter  vhat 
the  source  of  its  moisture,  acts  injuriously  upon  the  sys- 
tem, as  it  is  unable  to  further  relieve  the  skin  and  lungs 
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of  the  watery  vapor  that  is  constantly  Beekin|r  a  means  of 
escape.  There  follows  the  feeling  of  oppression  and  lan- 
guor which  even  the  most  robust  often  feel  in  close  sod 
sultry  days.  By  this  obstruction  of  insensible  perspira- 
tion, not  only  are  the  waste  matters  generated  in  the  sys- 
tem unduly  retained,  but  miasmas  introduced  through  the 
lungs  by  respiration  are  prevented  from  escaping.  This 
would  lead  us  to  expect  a  greater  prei'alence  of  epidemic 
diseases  in  moist  than  in  dry  districts,  a  fact  observed  in 
the  ease  of  cholera,  which  follows  the  banks  of  rivers,  and 
revels  in  damp,  low  situations.  Moisture,  joined  with 
wsrmth,  has  a  relaxing  and  weakening  influence  upon  the 
body.  The  debilitating  effect  of  tlie  sirocco  upon  the  sys- 
tem, and  its  lowering  and  dispiriting  influence  upon  the 
mind,  are  due  To  a.  heated  atmosphere  surcharged  with 
moisture.  Air,  cold  and  damp,  has  a  ])eculiarly  chilling 
and  penetrating  effect,  ns  illustrated  by  the  east  winds  of 
spring  in  New  England. 

393.  Organic  Matter.— This  is  a  common  impurity  of 
the  atmosphere,  and  is  often  present  in  dangerous  propoi^ 
tioDS.  It  exists  in  the  form  of  vapors  and  suspended  mat- 
ters, and  is  found  most  abundantly  diffused  in  the  air  of 
dwellings,  hospitals,  etc.,  and  in  the  vicinity  of  decaying 
organic  substances.  In  health  it  is  thrown  off  through  the 
lungs  by  the  process  of  respiration,  and  also  by  eshalutlon 
from  the  skin.  The  quantity  has  been  estimated  all  the 
way  from  ten  to  two  hundred  and  forty  grains  per  diem 
for  each  adult.  It  varies,  however,  with  the  circumstances, 
the  body  excreting  a  much  greater  amount  during  a  state 
of  activity  than  when  it  is  inactive,  and  more  during  dis- 
ease than  in  a  state  of  health.  That  coming  from  the  lungs 
consists  of  an  organic  vapor,  holding  in  suspension  epithe- 
lium-cells that  have  become  detached  from  the  mucous  sur- 
faces of  the  air-passages,  pharynx,  mouth,  etc.  By  the  skin 
more  is  givrti  out.  Twice  as  much  moisture  leaves  the 
body  by  this  route  as  by  the  lungs,  and  it  carries  with  it 
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into  tlie  atmosphere  fatty  matters,  epidermic  dihrU, 
also  Email  quantities  of  urea. 

This  oTgauic  matter,  wbeo  drawn  tlirough  sulpbi 
acid,  darkens  it ;  through  permanganate  of  potash,  de- 
colorizes it ;  and  through  pure  water,  renders  it  offeiisir& 
It  18  probably  in  a  state  of  combination  with  water,  as  the 
most  hygroscopic  substances,  such  as  wool,  fi^atbera,  and 
damp  walls,  absorb  it  in  largest  quantities.  It  has  a  pe- 
culiar, fetid  smoll,  and  on  decomposition  yields  ammonia, 
being  therefore  nitrogenous.  It  is  oxidized  slowly,  and  ia 
supposed  to  float  through  the  air  in  clouds  instead  of  un- 
dergoing rapid  diffusion.  The  fetid  odor  of  a  bedroom  in 
the  morning,  after  it  has  been  occupied  during  the  night, 
well  attests  the  presence  of  these  organic  vapors. 

In  the  air  of  sick-rooms  and  hospitals  'organic  matters 
accumulate  in  large  quantities  unless  there  is  the  most 
thorough  ventilation.  In  addition  to  the  amount  con- 
tributed by  respiration,  which  is  often  much  larger  in  sick- 
ness than  in  health,  tbe  exhalations  from  the  skin  are 
greatly  increased,  and  large  quantities  of  eiHuvia  also 
escape  from  the  evacuations.  Mosoatti,  M'ho  condensed 
the  watery  vapor  of  a  hospital  ward  at  Milan,  describes  it 
as  being  "  slimy,  and  having  a  marshy  smelL"  The  dust 
of  a  ward  in  St. -Louis  Hospital,  in  Paris,  was  discovered 
by  Chalvert  to  contain,  in  one  experiment,  thirty-six  per 
cent,  and,  in  another,  forty-six  per  cent,  of  organic  matter, 
which  consisted  chiefly  of  epithelium,  and  when  burned  gave 
an  odor  of  bom.  An  equal  quantity  was  found  in  the  plas- 
ter walls  of  the  same  ward.  Pus-cells  have  been  discovered 
in  the  air  of  an  ophthalmic  ward,  and  epithelium-cells  aro 
found  in  that  of  all  ill-ventilated  rooms.  It  is  very  likely 
that  the  specific  poison  of  small-pox,  scarlet  fever,  measles, 
diphtheria,  etc.,  consists  of  molecular  organic  matter  thrown 
oS  fraoi  the  skin  and  mucous  surfaces.  If  not  rapidly  oxi- 
dized, it  no  doubt  retains  its  poisonous  properties,  and 
through  the  medium  of  the  atmosphere  conveys  the  dta- 
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eaae.  It  is  equally  probable  that  the  effluria  from  cholera 
evacuations,  througb  the  medium  of  an  impure  atmosphere, 
propagate  cholera. 

Oue  part  of  farbonic  acid  in  a  thousand  parts  of  re- 
spired air,  indicates  the  presence  of  an  amount  of  organic 
matter  which,  according  to  Dr.  Partes,  Lf  perceptible  to  the 
senses  and  positively  injurious  to  health.  Smith,  Wilson, 
and  other  equally  competent  observers,  corroborate  thia 

384.  Saspended  lllatters. — As  ekown  by  Tyndall,  sus- 
pended matters  in  great  variety  are  widely  diffused.  In 
the  air  of  dwellings,  starch-cells,  hairs,  fibres  of  cotton, 
wool,  etc.,  are  very  common.  In  the  air  of  towns,  parti- 
cles of  iron,  stone-dust,  and  animal  droppings,  are  also 
abundant,  while  the  atmosphere  genemlly  contains  spores, 
seeds,  pollen,  and  broken-down  vegetable  tissue,  together 
with  the  germs  of  vibriones,  bacteria;,  and  other  low  forms 
of  animal  life.  Many  trades  yield  deleterious  substances 
to  the  air  in  injurious  quantities.  These  wiU  be  noticed 
in  connection  with  the  diseases  which  they  commonly  ex- 
cite. 

385.  Contamination  from  Sewers  and  Cesepools.  —  Nox- 
ious gases,  entering  the  air  from  sewers  and  cesspools, 
consist  mainly  of  carbonic  acid,  sulphuretted  hydrogen, 
light  oarburetted  hydrogen,  sulphide  of  ammonium,  and 
organic  matter,  Tliey  arise  from  the  decomposition  of  or- 
ganic matter,  and  are  yielded  in  large  quantities,  and  at  a 
rapid  rate,  when  the  temperature  is  high  and  the  sewage 
concentrated.  They  are  undoubted  sources  of  disease,  and 
are  also  believed  to  be  capable  of  conveying  infectious 
matters,  thus  becoming,  from  their  peculiar  liability  to 
enter  houses,  dangerous  aids  to  the  spread  of  epidemics. 
When  distributed  upon  the  land,  unless  greatly  diluted, 
sewage  gives  off  a  disagreeable  odor,  and  is  the  occasional 
cause  of  diarrhoea  and  dysentery. 

386.  Harsh  BEiaims. — Carbonic  acid,  light  carburetted 
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hydrogen,  sulphuretted  hydrogen,  and  organic  effluvia,  t 
tamioate  the  iiir  of  inarsbes,  which  also  abounds  in  vego-  I 
table  matter  and  minute  animal  forms.  Whatever  the  J 
nature  of  the  BO-called  miasm  of  marshes,  we  know  that  I 
the  air  of  these  places  frequently  contains  a  something  I 
capable  of  proilucing  the  various  forms  of  periodic  dise 
Exposure  to  marsh  air  also  gives  rise  to  diarrbcea,  dyseor  I 
tfliy,  and  other  forms  of  gastric  disorder.  Mursli  diseases  ] 
often  follow  the  irrigation  of  meadows,  draining  of  lakes,  J 
digging  of  canals,  and  excavation  of  railway-cuttings,  and  1 
they  are  then  ascribed  to  vitiation  of  the  air  from  thfj 
decomposition  of  vegetable  matter  thus  brought  to  the! 
surface. 

387.  The  Cellar  a  Eeservoir  of  Bad  Air. — CoD6ned  air,  I 
witliout  access  of  sunlight,  soon  becomes  dank  and  iin-| 
wholesome.     In  the  cellars  of  dwellings  this  is  a  commo 
condition  during  a  large  part  of  the  year;  the  confined  a 

is  loaded  with  decomposing  organic  matter,  given  off  frootl 
the  masses  of  decaying  vegetables  with  which  cellars  a 
stored.  This  foul  air  reaches  the  inhabitants  of  upper  I 
apartments  in  such  small  quantities  as  not  usually  to  pra»fl 
duce  any  marked  manifestation  of  disease,  yet  dangerotuiM 
fevers  have  often  arisen  from  neglect  of  cleanllue^  in  ii 
particular.  / 

Section  III.— JfuriW  JTfectn  of  Inijvre  Air. 

388.  Its  General  Effects. — Besides  the  various  disesae^fl 
directly  traceable  to  the  influence  of  impure  air,  its  effectflT 
are  seen  in  a  general  depression  of  the  tone  of  the  system;^  I 
Persons  habitually  occupying  badly-venlilated  apartmenta-J 
show  this  in  pallor  of  countenance,  depraved  appetiteo^B 
feeble  digestion,  and  general  weakness  of  bodj',  and  su<AV 
are  proverbially  subject  to  attacks  of  acute  disease.    DweU^fl 

in  low  situations,  and  in  tlie  vicinity  of  marshes, 

well  as  those  expofled    to  the   poisonous   emanations  of 

Mwere,  and  of  decomposing  organic  matter,  suffer  in  a 
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vn&r  wn-,  and  ll»  genenil  impairmcut  ot  tii«  powtw  iit 
tbe  body  «,  cfanbtlCTS,  often  the  ni^iat  for  tlin  iliivHlii|iriii'iii 
oT  aii^ittd  tuDts  that,  uncl(>r  nioro  favornlili*  OfitiillllniiMi 
migkt  lie  dwnunt  tliroughuut  a  lun(f  ami  vl|{iiriiiM  lirn, 
The  inooa^vletmess  of  mitritioD  gii'na  »lTttttglti  Iji  l)i»  liirL* 
ing predisposition.  Instancoa  aro  coiittntitly  rcdiirrlpiu  In 
wbic^  ooosnmptivc  tcnduncitie  ftro  iJ<rvnlii{i(iil  t'l  n  l'Hl«t 
issoe  through  various  bad  conditioiui,  luifmm  sir  Ih'Iiik  ilitt 
most  common.  And  physicians  arc  awuru  thai  tlm  ixitiaittMi 
presence  of  a  pure  otmoBpherr,  with  otiiiT  moan*  for  liniillli)' 
nutrition,  will  hold  the  prcdiitpoiitioii  In  dtfxik,  Btid  liiulll- 
tain  the  system  above  the  plane  of  it*  iiillunii'in, 

889.  CoBfomptiotL— Thnt  breathing  air  nlniAtly  vlllnl^n) 
by  respiration  is  a  powerful  aid  in  tlm  prtxiuistlifti  of  ihiii- 
sumptioD  is  ark  mow  led  ged  by  all  olMtervoni,  qtuI  miiiiii  ^o 
so  fur  88  to  affirm  that  this  is  its  priimfiMil  oaiisi*.  Tin*  fiinL 
has  been  repeatedly  noted  that  auldlers  Uvitiff  Iri  liiiilly- 
ventilated  barracks  funiiah  a  mucih  larj[er  IN-Tuoittiitfo  "t 
consumptive  cases  thon  otiiera  who,  in  tills  reiipet't,  uru 
comfortably  housed,  llie  sanio  la  true  of  sailors;  and  lliu 
medical  histories  of  oponitlveit  in  elone  and  ovonirowded 
work-roDiTB,  both  here  and  in  fon^ijfii  euuiiirlun,  uliutind 
with  evidence  of  BiinUnr  import.  W«  liuve  wen  that  nv 
spired  air  is  dc6cient  in  oxygen,  and  eontains  an  exet.'jiM  iif 
earbouic  acid,  watery  vapor,  and  orifaiiie  matter.  If  it  is 
breathed  again,  the  blood  immediately  BufTc'ra  IkjIIi  from  lock 
of  oxygen  and  from  the  arcum illation  of  efTote  tnateriiil. 
This  condition  cf  the  blood  necoasarily  hinders  the  healthy 
waste  and  repair  of  the  tissues,  and  must  oontributo  to  the 
formation  of  those  depraved  products  which  are  everywhere 

Ioharacterislio  of  consumption.  The  tubejdes  which  in  this 
disease  make  their  apr>eanincc  in  the  pulmonary  organs 
consist  of  cnido,  coagulated,  h:il {-organized  masses  of  albu- 
men, the  alxirtive  products  of  incomplete  nutrition.  And 
it  seems  but  natural  to  expect  that  the  organs  with  which 
the  foreign  in^edients  of  the  atmosphere  come  more  im- 
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mediately  into  contact,  and  the  blood-vessels  wliich  they 
must  eater  on  their  passage  into  the  system,  should  feci  in 
a  distinctive  maimer  their  noxious  influence. 

Besides  acting  as  a  cause  of  consumption,  impure  air  is 
a  source  of  much  EufToring  to  those  already  diseased.  The 
reason  is  obvious.  The  capacity  of  the  lungs  b  more  or 
less  reduced,  hence  less  air  can  be  conveyed  to  the  blood, 
and,  if  this  is  deficient  in  oxygen  and  contains  impurities, 
tbe  malady  is  directly  aggravated. 

390.  Scrofilla.— Tliat  imperfect  and  perverted  Etate  of 
the  nutritive  functions  known  as  scrofula  is  the  common 
attendant  of  life  in  a  vitiated  atmosphere.  Baudoloque, 
an  eminent  French  physii'ian,  declares  that  "the  repeated 
respiraticn  of  tbe  same  atmosphere  is  a  primary  and  ef- 
ficient cause  of  scrofula,"  and  that  "  if  there  be  entirely 
pure  air,  there  may  be  bad  food,  bad  clothing,  and  want  dt 
personal  cleanliness,  but  that  scrofulous  diseases  cannot  J 
exist.  .  .  .  Invariably  it  will  be  found  on  examination  thati'' 
a  truly  scrofulous  disease  is  caused  by  a  vitiated  air,  and  it 
is  not  always  necessary  that  there  should  have  been  a  pro- 
longed stay  in  such  an  atmosphere.  Often  a  few  houiB 
each  day  is  sufficient,  aud  it  is  thus  that  persons  may  livaa 
in  tbe  moat  healthy  country,  pass  the  greater  part  of  tbi 
day  in  the  open  air,  and  yet  Ijecome  scrofulous,  because  a 
sleeping  in  a  confined  place  ivhere  the  air  has  not  been  r 

In  1833,  at  Norwood  School,  in  England,  Trhere  there'fl 
were  six  liundred  pupils,  scrofula  broke  out  extensive^J^ 
among  the  children  and  carried  off  great  numbers.  ThiaT 
was  ascribed  to  bad  and  insufficient  food.  Dr.  Amott  wwfl 
employed  to  investigate  the  matter,  and  immediatelv  de-  1 
cidcd  that  the  food  "  was  most  abundant  and  good,"  i 
signing  "  defective  ventilation  and  consequent  atmosphei 
impurity  "  as  tbe  true  cause. 

391.  ItB  Effects  in  Varlona  Trades.— The  most  palpabla  J 
examples  of  the  injurious  effects  of  breaihing  contamiDated.! 
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air  are  furnished  by  the  circumstances  of  certain  induatrial 
occupations.  As  a  class  the  miners  of  England  break  down 
prematurely  from  brouchitiB  and  pneumonia,  caused  by  the 
atmoBphere  in  which  they  live.  The  colliers  of  Durham 
and  Northmnberland,  however,  where  the  mines  are  weU 
ventilated,  do  not  appear  to  suffer  from  an  cscess  of  pul- 
monary disease. 

la  the  various  trades,  involving  the  inhalation  of  mucli 
dust  by  the  workmen,  bronchitis  and  its  attendant  disease, 
emphysema,  are  very  common.  In  tlie  pottery- trade,  this 
malady  occurs  so  frequently  as  to  be  known  as  the  "pot- 
ter's asthma."  Indeed,  nearly  all  the  flat-preasers  and 
scourers,  according  to  Dr.  Grenbow,  eventually  become 
astbmaticaL  Steel-grinders  suffer  terribly  from  inhaling 
the  dust  of  their  trade.  The  average  duration  of  life,  ac- 
cording to  the  statistics  of  Dr.  Hall,  of  dry-grinders  of  forks 
is  but  twenty-nine  years ;  razors,  thirty-one  years ;  scissors, 
thirty-two  years ;  edge-tools,  thirty-two  years;  files,  thirty- 
five  years;  saws  and  sickles,  thirty-eight  years.  By  the 
introduction  of  fans  and  wot-grinding,  however,  the  danger 
has  been  materially  reduced.  Pearl-button  makers  are  ex- 
tremely liable  to  pulmonary  disease.  Workers  in  flax,  and 
cotton-weavers,  are  equally  exposed.  Dr.  Grenhow  states 
that,  of  one  hundred  and  seven  fiaa-factory  operatives, 
whose  cases  w^rc  taken  indiscriminately,  seventy-nine  were 
suffering  from  bronchial  irritation,  and  iu  nineteen  of  these 
there  had  been  hfemoptysis.  Among  twenty-seven  hack- 
lers,  twenty-three  were  diseased.  The  siiBpended  particles 
are  drawn  into  the  air-passages  at  each  inhalation,  and 
there  End  lodgment  upon  the  delicate  mucous  surfaces  with 
which  they  come  in  contact.  Tlie  irritation  thus  set  up 
disturbs  the  working  of  the  lungs,  and,  if  maintained,  event- 
ually ends  in  organic  disease. 

Brass-founders,  coppersmiths,  plumbers,  house-painters, 
white-lead  manufacturers,  match-makers,  workers  in  mer- 
cury, are  all  subject  to  peculiar  forms  of  ilisease  produced 
16 


3fi2 


ELEMENTARY   IIYr.[ENE 


by  inhaling  the  fumes  with  which  iheir  busiiiees  contumi- 
natea  the  air.     These  fumes  gain  access  to  the  blood,  and,  j 
through  this,  to  the  whole  system,  producing  severe  local  I 
disturbance  in  m a nj- cases,  and  ulu-ays  affecting  the  gea-  j 
eral  heitlth. 

392.  Siieasea  arising  from  Oiganic  Impnritiefl. — TbaJ 
effects  of  inhaling  air  vitiated  by  organic  impurities 
scarcely  lesa  apparent.  Dr.  Parkes  says  that  he  has  knc 
cases  "  in  which  the  inhalation  of  such  an  atmosphere  for  1 
three  or  four  i)nurs  produced  in  men  decided  febrile  symp- 
toms, increased  temi>erature,  quickened  pulse,  furred  tongue, 
loss  of  appetite,  and  thirst,  for  even  twenty-four  or  forty- 
eight  hours  subsequently."  Sewer-gas,  the  effluvia  arising  . 
from  decomposing  animal  matter,  the  emanations  from  | 
manure-manufactories  and  bone-boiliag  eBtabtiafaments,  t 
contain  organic  roattJSr,  and  are  all  prolific  sources  of  dtv 
ease.  Diurrbcea  and  dysentery  arc  the  most  common  * 
fectiona  wliich  spring  from  these  causes;  but  enteric,  i 
typhoid  fever,  is  held  by  Dr.  Murchison  to  be  produced  in 
a  similar  wav,  sewer-air  being  especiutly  dangerous.  Much 
imcertainty  prevails  as  to  the  real  cause  of  tliis  disease,  hut 
modem  Investigators  incline  to  the  belief  that  it  is  infeo-J 
tious,  and  that  it  is  propagated  by  tlie  distribution  of  o 
ganio  mtittor  in  water  and  air.  "  I  readily  admit,"  sayi 
Dr.  Murchison,  "  that  we  cannot  succeed  in  tracing  every  ~ 
case  of  enteric  fever  to  organic  impurities;  but,  if  the  dis- 
ease can  be  traced  to  such  causes  in  a  few  undoubted  in- 
stances, it  is  reasoTiable  to  infer  that  its  causes  are  similar 
in  all  cases  where  it  has  a  spontaneous  origin.  As  already 
stated,  the  actual  poison  may,  like  the  miasmata  which  give 
rise  to  ague,  be  inappreciable  to  the  senses,  or  by  chemical 
research.  During  the  last  four  years,  however,  I  have  met 
with  few  eaamples  of  enteric  fever  which,  on  investigation, 
I  could  not  trace  to  defective  drainage,  the  existence  of 
wliich  was  occasionally  unknown  to  ihe  inhabitants  of  tho.| 
infected  local  it  v." 
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That  the  spread  of  cholera  ia  also  due  to  some  spedfio 
organic  poison  is  renilereil  probable  by  the  fact  that,  where 
.   water  and  air  are  krpt  free  from  organic  impuritieB,  the 
disease  is  unable  to  gain  a  foothold. 

393.  Effects  of  Impure  Air  on  the  Course  of  DlBease.— 
Foul  air  increases  the  scTority  of  disease,  rendering  a  fatal 
result  much  more  probable,  and,  even  if  this  is  avoided, 
greatly  prolongs  the  period  of  convalescence.  It  also  pre- 
disposes to  complications,  and  renders  recovery  more  likely 
to  be  followed  by  subsequent  trouble.  This  appears  to  hold 
truo  of  alt  diseases,  but  especially  of  the  febrile.  It  is 
known  that,  in  the  treatment  of  typhus  and  typhoid  fevers, 
the  freest  ventilation,  even  to  the  extent  of  pladtig  the 
patient  in  the  open  air,  reduces  the  mortality  more  than 
half,  and  greatly  shortens  the  time  of  recovery.  A  like 
provision  in  the  treatment  of  scarlet  fever,  measles,  small- 
pox, diphtheria,  etc.,  not  only  renders  them  much  leas 
severe,  but  does  away  in  a  great  degree  with  the  necea- 
Bity  for  medication,  and  also  markedly  diminishes  the  lia- 
bility to  those  distressing  sequela)  which,  in  less  favorable 
conditions,  so  often  Kupervene, 

394.  Efi^cta  of  the  Air  of  Sick-Eooms.— Tlie  impurities 
of  a.  sick-room  atmospiicre  eonsist  largely  of  organie  matr 
ter,  which  not  unfrequently  bears  the  speciGc  poison  of  the 
disease.  This  is  the  case  with  the  exanthemata,  as  well 
as  with  other  contagious  febrile  affections.  On  uncovering 
a  scarlet-fever  patient  in  the  direct  rays  of  the  sun,  a  cloud 
of  fine  dust  may  be  seen  to  rise  from  the  bcdy — contagious 
dust,  that  in  unventilnted  localities  is  but  slowly  dispersed 
or  destroyed,  and  that  may  for  days  retain  its  poisonous 
qualities.  Diseases  of  this  character  are  undoubtedly  prop- 
agated in  other  ways,  but  a  confined  atmosphere  probably 
does  more  than  all  other  causes  put  together  towards  aiding 
their  diOiision,  The  spread  of  erysipeias  and  gangrene  in 
tlie  surgical  wards  of  hospitals,  and  the  propagation  of 
purulent   ophthalmia,  observed   in    some   of  the   London 
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charity  schools,  take  pluce  through  llie  mctlium  of  tlio 
atmosphere,  which  becomes  highly  charged  with  the  ema- 
natioiiB  fcoia  the  sick.  Besides  bearing  the  specific  poison, 
an  atmosphere  of  this  character  is  exceedingly  depressing 
to  those  brought  within  the  range  of  its  influence,  and,  by 
thuB  lessening  the  resisting  powei-  of  the  system,  rendi-ra 
the  otherwise  healthy  liable  to  attack. 

396.  Horbid  Uental  ESects  of  Bad  Air. ^Breathing  nn 
impure  atmosphere  injures  the  mind  as  well  as  tlie  body. 
If  the  blood  which  ia  sent  from  the  lungs  to  tlie  rest  of  the 
system  is  imperfectly  aerated,  no  organ  feels  it  more  than 
the  brain.  Its  immediate  effect  is  to  cloud  the  mind  and 
depress  iia  energy;  sJiarpness  of  attention,  clearness  of  ap- 
prehension, and  readiness  of  memory,  arc  all  impaired. 
"  Tlie  health  of  the  mental  and  bodily  functions,  the  spirit, 
temper,  disposition,  the  correctness  of  the  judgment,  and 
brilliancy  of  the  imagination,  depend  directly  upon  pure 
air," 

Dr.  Ray  remarks:  "In  a  school,  or  hospital,  or  other 
considerable  assemblage  of  people,  the  purity  of  the  air 
may  be  pretty  accurjtely  measured  by  the  amount  of  cheer- 
fulness, activity,  and  lively  interest,  which  pervades  it ;  and 
yet  so  little  do  people  think  or  caic  about  tliis  subject,  that, 
under  existing  arrangements,  tliero  are  very  few  who  do 
not  every  day  of  their  lives  inspire  more  or  less  highly- 
vitiated  air.  The  listlessncss  and  stupidity  of  students, 
aud  especially  of  cliilJreu  confined  in  the  school-room,  are 
often  due  to  the  bad  state  of  the  air  they  breathe.  Using 
the  brain  in  a  vitiated  atmosphere  is  like  working  with  a 
blunted  instrument,  and  the  effect,  of  course,  must  be  ag- 
gravated where  the  inexperienced  are  first  learning  the  use 
of  the  instrumen  t. 

Section  IV. — Purification  oflhe  Air. 
396.  Nature's  HesoiirceB. — The  purification  of  the  gen- 
eral atmosphere  is  maintained  by  ' 
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the  law  of  difiustoD  all  nases  intermiDgle,  bo  iltut  where 
impurttiea  are  set  free  at  any  poiat  they  tend  to  exhale,  or 
diffuse  away,  and  thus  become  weakened  aud  loMt  in  the 
great  body  of  the  atmosphere.  The  mixture  of  lur^  masBca 
of  air  and  the  dispersion  and  dilution  of  local  impurities 
are  also  effected  by  the  winds.  Gaseous  exhalations  are 
washed  out  and  absorbed  frotn  the  atmosphere  by  the  fall 
of  niins.  The  earth's  vegetation  destroys  carbonic  acid, 
while  the  oxygen  slowly  burns  up  the  numberless  combus- 
tible vapors  and  contaminations  which  are  thrown  into  tlio 
air.  By  these  means  the  earth's  atmosphere  is  constantly 
maintained  respirable  and  pure. 

897.  Ventilation.— Taking  the  fresh  external  air  as  the 
standard  of  purity  required  for  health,  the  object  of  ven- 
tilation is  to  conduct  it  through  dwellings,  hospitals,  work- 
shops, and  places  of  similar  character,  in  a  mauncr  that, 
without  inconvenience  to  the  inmates,  shall  accomplish  the 
rapid  and  tliorough  dilution  and  removal  of  whatever  im- 
purities their  atmosphere  may  contain.  To  do  tliis  effect- 
ually, and  without  risk  to  the  health  and  comfort  of  the 
persons  present,  the  ventilation  must  conform  to  certain 
indispensable  conditions : 

(1.)  TTie  air  whk-h  enters  must  itBelf  be  jmrv,  niia 
may  generally  be  secured  by  taking  it  from  almost  any 
exposed  situation,  unless  there  be  some  epecial  source  of 
impurity  in  close  proximity.  It  is  desirable,  if  possible, 
particularly  in  cities,  to  introduce  the  air  from  a  level  a 
few  feet  above  the  surface,  as  there  are  more  or  less  ex- 
halations constantly  floating  in  air  next  the  ground. 

(2.)  Tt  mvst  be  in  student  quantity.  We  find  Na- 
ture's standard  of  purity  in  the  external  atmosphere,  and, 
other  things  equal,  the  nearer  we  approach  this  in  our 
dwellings,  the  healthier  will  be  their  inmates.  The  earlier 
authorities  on  ventilation  varied  greatly  in  their  estimates 
of  the  quantity  necessary,  some  placing  it  as  low  as  sixty 
cubic  feet  per  head  per  hour,  while  others  considered  five 
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hundred  cubic  feet  as  not  too  much.  More  tborough  in- 
Testigations  have  since  been  made,  and  it  is  found  that 
even  the  highest  of  these  estimates  is  quite  insufficient. 
Dr.  Parkcs  says ;  "  From  a  number  of  ex[>eriments  in  which 
the  outflow  of  air  was  measured,  and  the  carbonic  acid 
simultaneously  determined,  I  have  found  at  least  two  tliou- 
sand  cubic  feet  per  hour  must  be  given  to  keep  the  carbonio 
acid  at  live  or  six  per  one  thousand  volumes,  and  to  entirely 
remove  the  fetid  smell  of  organic  matter."  Nothing  less 
than  this  can  be  tolerated  without  risk  to  health,  and  it  ia 
found  that  a  much  larger  allowance  is  productive  of  the 
beat  results.  It  has  been  stated,  from  esiensive  observa- 
tions, that  in  mines,  if  it  be  wished  to  keep  up  the  greatest 
energy  of  the  men,  no  less  than  one  hundred  cubic  feet  per 
man  per  minute  (=  sis  thousand  cubic  feet  per  hour)  must 
be  given.  If  the  quantity  ia  reduced  to  one-third,  or  even 
one-half,  there  is  ft  decided  diminution  in  the  amount  of 
work  performed. 

If  [wssible,  the  supply  for  the  sick  should  be  imlimitcd. 
In  some  diseases,  so  much  organic  matter  is  thrown  off, 
that  scarcely  any  ventilation  is  sufficient  to  remove  the 
odor.  Such  diseases  as  pyienii.i,  typhus  and  typhoid  fevers, 
small-pox,  and  the  like,  are  best  treated  in  the  open  air. 
This  is  found  of  the  utmost  value,  more  important  eveu 
than  diet  and  medicines.  Grassi  mentions  that  the  air  in 
a  ward  in  the  HCpital  Nccker,  in  Paris,  was  perceptibly 
tainted  by  emanations  from  a  cancerous  ulcer,  although 
the  ventilation  at  the  time  was  thirty-five  hundred  cubic 
feet  per  head  per  hour. 

(3.)  lis  movement  must  be  imperoeptible.  Air  may 
move  at  the  rate  of  one  hundred  feet  per  minute  without 
violating  thia  requirement;  but  this  is  a  much  greater  ve- 
locity than  is  needed  for  ventilating  purposes — that  is  to 
say,  after  the  air  has  once  entered  the  apartment.  In  the 
flues,  the  rate  of  movement  is  of  little  consequence,  except 
that  it  be  siiflScieiitly  rapid  to  afford  the  required  supply.  If 
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there  is  little  of  no  iuterfercnce  from  outsiJe  currents,  the 
air  mthin  the  building  may  readily  be  made  to  move  in  a 
body  from  above  downwurda,  and  the  rapidity  of  it*  move- 
-  meut  can  be  ensily  regulated.  It  may  be  objected  to  (his 
downward  niovetneiit  that  the  impurities  naturally  tend 
upwards,  with  the  course  of  the  warmer  air,  and  that,  by 
being  mode  to  utke  a  downward  direction,  they  are  brought 
back  again  to  be  reiubuled.  If  it  were  true  that  the  im- 
purities, fls  such,  immediately  rose  to  the  ceiling  and 
escaped  from  the  apartment,  the  objection  would  hold  ; 
but  this  is  not  the  case.  On  the  contrary,  it  is  known  that 
the  carbonic  acid  and  other  gaseous  impurities  are  equally 
diffused,  and  the  weight  of  the  organic  substances  and 
otlier  suspended  matters  leads  to  the  inference  that  they 
would  graiitate  towards  the  floor,  particularly  when  rising 
currents  uf  vvjrm  air  are  excluded,  as  they  should  be,  by 
introducing  it  at  the  top  of  the  room.  Id  no  other  way 
can  so  steady  and  equable  a  movement  be  obtained  as  by 
introducing  the  warm  air  at  the  top  and  removing  it  be- 
low; and,  apart  from  any  theoretical  considerations,  it  is 
found  to  yield  excellent  practical  results. 

(4.)  Its  temperature  mvst  fe  suitably  regulated.  In 
this  climate,  cooling  the  air  is  rarely  necessary,  but  in  the 
colder  months  of  the  year  the  incoming  air  requires  to  be 
warmed  sufficiently  for  comfort,  and  in  such  manner  as  not 
to  disturb  the  normal  projxjrtions  of  its  constituents.  Tlie 
great  danger  is  that  of  overheating  it,  whereby  its  capacity 
for  moisture  is  greatly  increased  and  ventilation  becomes 
converted  into  a  kiln-diyiiig  process  scarcely  less  injurious 
than  impure  air.  Tlio  policy  should  be  to  introduce  large 
quantities  of  air  raised  oidy  to  a  proper  breathing  tempera- 
ture (60°  to  70°  Fahr.),  the  temperature  to  be  maintained 
by  a  steady  and  rapid  change,  so  directed  as  to  remove  the 
cooler  air  of  the  apartment,  and  replace  it  with  that  freshly 
warmed.  It  may  be  said  (liat  this  involves  a  much  greater 
loss  of  heat  than   the  opposite  course,  viz.,  raising  to  a 
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hi^h  temperature  Emaller  quantities  of  air.  Even  if  this 
were  true,  wbich  is  not  tbe  case,  waste  of  heat  would  be 
far  preferable  to  the  loss  of  health,  which  the  latter  pro- 
cess involves,  both  by  the  increased  drying'  power  it  gives 
the  air,  and  by  insufficient  ventilation. 

The  heat  imparted  to  the  air  in  this  process  becximes  a 
means  of  promoting  its  movement.  With  this  as  a  motive 
power,  by  the  aid  of  flues  and  ventilating  shafts,  very 
thorough  purification  tnay  be  obtained. 

398.  Artificial  Purificatioii— Lisinfectant*.  —  In  certain 
special  cases  where  the  air  is  being  rapidly  contaminated 
by  foul  or  poisonous  euhalations,  and  where,  either  from 
confinement  or  other  cause,  tlie  purifyuig  agencies  of  Na- 
ture are  unable  to  work  with  sufficient  rapidity  and  rigor, 
recourse  is  had  to  various  arlificiul  means  of  puritication, 
with  a  view  to  the  imtncdiate  destruction  of  such  emana- 
tions. The  more  common  and  u.seful  of  these  are  heat, 
charcoal,  chlorine,  carbolic,  nitrous,  and  sulphurous  acids, 
sulphate  of  iron  (copperas),  Condy's  lluid,  and  chloralum. 

Meat  is  highly  commended  as  a  means  of  destroying 
animal  and  vegetable  germs,  and  infectious  matters.  It  is 
especially  valuable  for  the  disinfection  of  clothing,  bedding, 
and  the  like,  where  it  can  be  confined,  but  is  not  so  readily 
applicable  for  cleansing  the  air.  To  be  effective,  a  heat 
of  at  least  140°  Fahr.  is  required;  160°  or  180°  Fahr.  ia 
even  more  certain,  and  may  be  applied  without  risk  to  tho 
fabric 

Charcoal  presents  an  immense  absorbent  surface  to  the 
air,  a  cubic  inch  of  beech  wood-coal  equaling  in  surface  one 
hundred  square  test  (Liebig).  It  is  therefore  n  powerful 
oxidizer  of  organic  matter,  catching  and  holding  tlie  par- 
ticles in  contact  with  oxygen,  already  within  it,  until  their 
destruction  is  accomplished.  Its  effects  are  especially 
marked  with  sewage-gases,  and  with  the  organic  emana- 
tions in  disease.  Of  tl)c  different  kinds,  animal  charcoal  is 
regarded  as  best  for  disinfecting  purposes. 
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Chlorine  decompoBes  sulphuretted  hydrogen  and  sul- 
phide of  amuiottium,  and  also  destroys  organic  odors.  It 
is  an  energetic  aCrial  diainfectaut,  but,  owing  to  ita  irritat- 
ing effect  on  the  lungs,  requires  to  be  used  in  small  quan- 
tities, or  iu  uninhabited  rooms.  It  may  be  easily  obtained 
by  mixing  one  part  of  powdered  biuojdde  of  manganese 
with  four  parts  of  commou  salt  and  four  of  dilute  sul])|]uric 
acid.  A  gentle  heat  wiU  aii  the  evolution  of  the  gas. 
Various  compounds  of  chlorine  are  often  employed  for  dis- 
iid'ecting  purposes,  but  all  owe  their  value  to  the  presence 
of  this  element,  Cltlorides  of  lime  and  soda  yield  it  in 
small  quantities  when  moistened  with  water.  Cbloralam 
ia  a  compound  of  chlorine  and  aluminium,  but  thus  com- 
bined the  chlorine  is  not  volatile;  the  preparation  is,  there- 
fore, of  little  value  for  purifying  the  air.  Applied  to  de- 
composing organic  matter,  however,  it  acts  as  an  excellent 
deodorant,  arrests  ptitrefuclive  change,  end  at  once  puts  a 
stop  to  the  development  of  aoimaleula!.  In  solution  it  is 
very  useful  for  washing  infected  clothing,  and  for  cleansing 
the  walls  and  wood-work  of  sick-rooms. 

Carbolic  acid  is  a  powerful  antiseptic  and  disinfectant. 
It  arrests  all  kinds  of  putrefactive  change,  and  quickly  de- 
stroys anicTial  and  vegetable  germs,  and  the  low  forms 
of  life.  Being  also  an  excellent  deodorant,  it  is  used  ex- 
tensively for  disinfccling  the  vessels  of  sick-rooms,  urinals, 
stables,  manure-heaps,  and  cesspools.  The  commercial 
form  is  a  dark-brown  tarry  liquid,  with  the  pungent  odor 
of  creosote.  It  is  highly  poisonous,  and  hence  requires  to 
bo  used  with  care. 

Nitrous  acid  may  be  evolved  by  placing  nitre  in  sul- 
phuric acid,  or  by  dropping  a  bit  of  copper  into  dilute 
nitric  acid.  It  is  a  very  efficient  disinfecting  agent,  but 
irritating  to  the  ait^passages  and  lungs.  The  ease  with 
wbich  it  yields  up  a  portion  of  its  oxygen  makes  it  a  pow- 
erful oxidiner,  which  acts  rapidly  upon  organic  emanations. 

Sulphuroue  a/'id  is  given  off  when  sulphur  is  bunied. 
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SvfyhaU  of  iron  b  ciiieflj  lalittUe  for  disinfecdog 
aewftge,  prnyraults,  nmivie-beapa,  >ad  oesEpuols,  wbere 
it  is  desired  to  anc^t  decoaposHiou,  uid  tbc  ^eoermtJut 
of  fool  odcra. 

Permanganate  of  polath^  or  toda  ( Cotuly't  J§uSJ), 
gives  off  oxygen,  and  niwdly  destroys  organic  matter, 
Ammoiuacal  ooupouods  are  at  oace  decompoeod.  Pet^ 
piM^iate  of  soda,  taken  into  the  nxnitli,  quicid;  destrcya 
the  odof  of  tobacco  (HoffoLan). 


CHAPTER  X\T. 


&ECT10X  L — Phytiolo'jical  O^cts  of  Watef.. 

399.  Amomit  in  tbe  Body. — The  student  U  anare  tliat 
water  is  a  very  lar^  constituent  of  all  parts  of  the  body. 
Tlie  bones  contain  130  parts  of  it  in  1,000;  muscle,  760; 
brain,  789 ;  blood,  T9o  ;  and  it  fornis  nearly  tliree-fourtliB 
the  entire  weight  of  the  body. 

400.  It  ii  the  IiutnuneBt  of  Change.— Water  gives  full- 
neaa  aud  flexibility  to  the  softer  tissues,  and  is  the  great 
agent  of  movement  within  the  system.  It  performs  the 
Hiitne  office  of  transportation  and  exchange  in  the  vital 
eeouomy  that  it  does  by  oeeans,  rivers,  and  canals,  in  the 
commerce  of  the  world.  Kutritive  substances  cannot  enter 
the  system,  nor  the  diJjris  of  the  tissues  leave  it,  exoept  ia 
a  state  of  solution ;  it  ia  tlie  office  of  water  to  bring  them 
into  this  condition,  and  convey  them  to  their  various  places 
of  destination. 

401.  Its  Solvent  Power.— Water  performs  these  duties 
by  virtue  (jf  its  rcniarkdUo  powers  as  a  solvent     Perfecdy 
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neutral  itself,  it  becumce  sweet,  sour,  salt,  astringcDt,  bit- 
ter, or  poisonous,  accordingly  as  tbe  bodies  it  dissolves 
possess  these  properties.  It  readily  takes  up  either  gase- 
ous, liquid,  or  solid  substances,  and  tbus  Ijecomes  a  moans 
for  their  rapid  aud  wide-spread  difTusiuti. 

402.  Quantity  daily  taken. — Water  is  taken  not  only 
iu  the  form  of  drink,  but  it  is  a  large  coQBtitueot  of  the 
various  food-stuiTa;  hoiice  any  estimate  of  tbe  quantity 
pas^itig  into  the  systoin,  to  be  reliable,  must  include  both 
these  sources  of  supply.  It  has  been  found  that  a  healthy 
adult  man  ordinarily  takes  irom  seventy  to  ninety  ounces 
in  tweuty-four  hours.  Tbe  atuouut,  however,  varies  greatly 
in  different  cii'cum stances,  Bometimes,  from  individual  pe- 
ouliaritles,  falliug  mwh  below,  and  at  other  times  consider- 
ably exceeding  this  figure. 

403.  Its  £zcretion. — Water  is  constantly  escaping  from 
the  system,  either  in  a  fluid  or  vaporized  form,  aud  carries 
with  it  tliG  various  substances  resulting  from  tbe  wear  and 
tear  of  the  tissues.  Of  all  that  is  expelled,  about  forty- 
eight  per  cent  is  discharged  with  the  urine  and  fseces,  and 
about  fifty-two  i>er  cent,  by  tbe  lungs  and  skin.  Of  the  lat- 
ter, the  skin  discliarges  nearly  twice  as  much  as  the  lungs. 

Seciion  U.—D!fermt  Kinds  of  Water. 

401  Its  Foreign  Ingredientl.— Owing  to  its  extraordi- 
nary solvent  power,  water,  in  a  natural  conditiim,  is  never 
found  free  from  foreign  ingredients,  which  modify  its  char- 
acter according  to  the  quantity  present,  and  their  own 
peculiar  properties.  This  gives  rise  to  the  several  varieties 
that  we  know  as  soft  water,  bard  water,  mineral  water,  and 
sea- water. 

405,  Soft  Water. — This  is  water  liiat  gives  a  feeling  of 
softness  m  washing,  from  the  absence  of  certain  mineral 
substances,  which  render  it  rough  or  hard.  Rain-water 
may  be  taken  as  a  fair  example,  for,  when  caught  in  the 
open  country,  il  i-;  tbe  purest  water  that  Nature  provides. 
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It  »  not  eatbdj-  bee  froai  ConiKm  ^BUen,  howawW, 
M  it  Mb  thrangfa  tfae  air,  it  alnaria  an;gCB, 
cariufDC  add,  MiiMOBM,  and  ntgMMo  ■abstuK^ 
waalies  out  uij  iimwilin  wUck  the  ■'■■"■■i'^'"  t^^f 
nns,  in  tke  rictBttj-of  the  o 
I  of  eoannoa  salt;  ia  tbe  i 
I  BsUae,  organic,  and  gasecns  impmiliga, 
TriiQe  dcst  is  isiaed  from  tbe  p^rauA  sod  Nattered  throtqili 
it  hy  winds.  Utese  ue  all  rinsed  out  br  nm.  In  pwniiig 
Uiroagfa  the  «ir  water  becomes  UgUy  aerated ;  that  is,  ao- 
qutrcs  &n  atmosptiere  of  its  own,  which  cootains  from  tea 
to  6fiei3)  per  cent,  more  oxTgro  than  oniiaarr  air.  Hiis 
pwa  to  water  its  ^rceable  taste. 

Soft  water,  wUdi  i>  free  frnn  dissolved  mineral  mat- 
ters, Btakes  its  way  into  organised  tissues  with  much  greater 
readiness  tbut  hanl  water.  It  also  exerts  a  more  poweir^ 
solvent  or  extractive  actioa,  and  is  thus  a  better  v^de 
for  conveying  atimentaij  sub&taiK'«s  into  tbe  livii^  sjatem. 
In  coliBary  operations,  where  the  object  is  to  soAea  th« 
textore  of  animal  and  vegetable  substances,  or  to  extract 
from  them  and  present  in  a  liquid  form  some  of  their  vahi. 
able  parts,  as  in  making  soupe,  broths,  stews,  or  infbsioDa, 
as  tea  and  coSee,  soft  irater  b  much  to  be  pn^ferred. 

In  consequence  of  its  aeration,  rain-water  is  both  healthy 
and  pleasant  as  a  beverage.  The  greatest  benefits  have  re- 
sulted in  many  cases  from  its  use,  where  the  spring  and 
well  waters  were  largely  impregnated  with  earthy  salts. 

406.  Hud  WftteE.  —  Rain-water,  as  it  penetrates  tbe 
ground,  absorbs  a  large  proportion  of  carbonic  add  from 
the  air  in  the  interstices  of  tLo  soil,  which  b  two  hundred 
and  Gfty  times  richer  in  this  gas  ihnn  the  air  above.  He 
presence  of  this  absorbed  carbonic  acid  greatly  i 
the  solvent  power  of  water  upon  mineral  substances.  Pi 
tng  more  or  leas  deeply  into  the  earth,  it  dissolv<s  many  si 
stances  which  it  meets;  hence  the  difference  between  spti 
and  well  waters,  which  are  generally  bard,  and  rain<wa1 
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vbich  has  not  come  in  cMiitact  with  iho  ground.  Tlie  life 
and  sparkle  of  spring  and  well  water  are  due  to  the  pres- 
ence of  carbonic  aoid  llius  taken  up,  and,  when  this  is  found 
in  a  considerable  degree,  it  is  safe  to  infer  the  additional 
presence  of  large  quantities  of  saline  matlcr.  The  usual 
ingredients  of  well  and  spring  water  are  lime,  magnesia, 
Boda,  and  oxide  of  iron,  combined  with  carbonic  and  sul- 
phuric acids,  whifh  form  carbonates  and  sulphates.  Com- 
mon salt  is  also  often  present.  The  most  usual  ingredients, 
however,  arc  carbonate  and  sulphate  of  lime.  Carbonate 
of  lime,  or  limestone,  is  not  soluble  in  pure  water,  but  dis- 
solves in  water  containing  free  carbonic  acid. 

The  amount  of  mineral  matter  found  in  water  varies 
greatly.  The  water  of  the  river  Loka,  in  Sweden,  which 
flows  over  insoluble  granite,  contains  only  j^^th  of  a  grain 
of  mineral  matter  in  an  imperial  gallon.  Common  well 
and  spring  waters  contain  from  five  to  seventy  grains  per 
gallon.  Sea-water  contains  twenty-sis  hundred  grains  to 
the  gallon  ;  and  that  from  some  parts  of  the  Dead  Sea,  or 
the  Great  Salt  Lake  of  Utah,  as  much  as  twenty  thousand 
grains  to  the  gallon. 

Mineral  waters  are  usually  those  of  springs  which  are 
highly  charged  with  one  or  more  mineral  ingredients. 
Those  abounding  in  salts  of  iron  are  called  chalybeate 
waters.  If  the  waters  are  brisk  and  sparkling,  carbtmic 
aoid  is  present,  and  they  are  termed  carbonated,  or  acidu- 
lous. 

JAmestone-watera  are  also  clear,  sparkling,  and  agree- 
able to  the  taste.  They  differ  from  the  water  of  chalk 
districts,  in  containing  more  sulphate  of  lime  and  less  car- 
bonate, and  in  dolomitio  districts  much  sulphate  and  car- 
bonate of  magnesia.  Tliey  contain  little  organic  matter, 
but  are  very  hard,  soften  little  on  boiling,  and  are  gener- 
ally unwholesome. 

Sand  and  gravel  waters  v&ty  in  character  in  different 
regions.     Some  are  very  pure,  containing  less  than  five 
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grains  of  miucrul  mutter  in  a  gallon,  and  Iusb  than  ono  * 
graiu  of  organio  matter.     Others  again,  particularly  such    | 
us  flow  over  Goft  sanil-rouk,  are  liable  to  be  ver^  impure, 
coDtaining  much  chloride  of  sodium,  carbonate  of  aoda,  iron, 
and  a  little  lime  and  magnesia,  amounting  altogether  to 
&om  thirty  to  eighty  grains  per  gallon.     The  organic  oiat-   I 
ter  may  also  be  ia  large  amount,  from  four  to  t«n  grains 
per  gallon,  or  even  more. 

Alluvial  waters,  as  a  rule,  are  highly  charged  with  car- 
bonate of  lime,  sulphate  of  lime,  sulphate  of  magnesia, 
chloride  of  sodium,  curbouate  of  soda,  iron,  silica,  and  often 
with  organic  matter.  The  amount  of  solids  per  gallon 
ranges  from  twenty  to  one  hundred  and  twenty  grains, 

Swjifiuv  and  subsoil  xeater  ia  often  very  impure.  Cul- 
tivated lands,  with  rich,  manured  soils,  furnibh  s  water 
often  coDtaiuing  both  organic  matter  and  salta  in  large 
quantity.  In  towns,  and  among  the  habitations  of  men, 
the  surface  and  shallow  well  water  frequently  contains 
lurge  quantities  of  nitrites  and  nitrates,  sulphates  and 
phosphates  of  lime,  and  soda  and  chloride  of  sodium.  Or- 
ganic matter,  also,  exists  often  in  large  amount, 

MaTsh-wcUer  is  always  impure  from  the  presence  of 
much  organic  matter,  which  is  chiefly  of  vegetable  origin, 
and  varies  in  quantity  from  ten  to  fifty  grains  in  the  gal- 
lon. The  proportion  of  mineral  ingredients  is  usually 
small,  unless  the  marsh  be  salt,  when  the  mineral  con- 
stituents of  sea- water  are  present. 

River-ioaler  varies  mudi  in  the  number  and  quantity 
of  its  constituents.  Ck)miag  from  various  sources,  it  is 
even  more  complex  in  constitution  than  spring  or  well 
water.  Oftentimes  it  is  greatly  contamitiated  by  the  sew- 
age of  towns,  and  tlie  refuse  of  manufacturing  operation^ 
which  are  carried  on  along  its  bants,  and  it  is  also  likely  . 
to  contain  a  large  amount  of  organic  matter.  ' 

iSeo  -  WiUer.  —The  solid  constituents  of  sea-wat«r  amount 
to  about  three  and  a  half  per  cent,  of  its  weight,  or  ueady  | 
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half  ail  ounce  to  tLe  pound.  It  is  uufit  for  use  uuJcbs  dis- 
tiUcd.  It  then  auswers  well  for  oookiug  purposes,  and,  if 
thorouglily  atimted,  is  pulaltible,  Any  organic  matter  re- 
maiiiiug  after  distillation  muy  be  removed,  by  passing  the 
water  tLrougb  a  oliarcoal  filter,  or  by  letting  it  stand  for  a 
few  days.  Ciu-e  should  be  taken  that  no  lead  5nds  its  way 
into  distilled  water,  as  it  is  rapidly  taken  up.  Many  cases 
of  lead-poisoning  have  occurred  on  board  ships,  partly  from 
the  use  of  minium  in  the  apparatus,  and  partly  from  the 
use  of  zinc  pipes,  with  lead  in  their  coiupositiuo. 

407.  Purity  of  Water.— Perfectly  pure  water  can  only 
he  obtained  by  the  most  careful  processes  of  distlllatioti, 
and  is  oevtT  found  as  such  in  a  natural  state.  Hence  the 
difficulty  of  defining  what  are  properly  impurities,  particu- 
larly when  we  remember  that  water  containing  consider- 
able quantities  of  foreign  matter  may  be  used  for  long 
periods  together,  witLout  producing  any  recognizably  in- 
jurious results.  Experience  has  shown,  however,  that  cer- 
tain conditions  are  necessary  to  health,  and  cannot  be 
neglected  with  impunity.  Tlie  water  should  be  transparent 
and  colorless,  fi-ee  from  odor,  and  without  taste.  It  should 
also  be  well  aiirnted,  and  afford  no  deposit  on  standing; 
above  all,  it  should  be  &ee  from  organic  matter.  Probably 
the  less  it  contains  of  saline  ingredients  the  better.  The 
Sanitary  Congress  held  at  Brussels,  in  1853,  decided  that 
the  kital  amount  ought  not  to  exceed  eighty-five  grains 
per  gallon.  But  this  furnishes  no  reliable  criterion,  as  a 
far  less  quantity  of  sulphate  of  lime,  or  magnesia,  is  known 
to  be  injurious,  while  the  proportion  of  carbonate  of  lime, 
or  soda,  may  considerably  exceed  tliia,  and  produce  do 
manifestly  bad  etfects. 

408.  Oi^nic  Ifflpnrities  in  Water.— Tlieso  vary  exceed- 
ingly ia  character  and  amount,  and  may  be  either  mechani- 
cnlly  suspended,  or  dissolved  in  the  wator.  If  suspended, 
■jid  of  vegetable  origin,  their  presence  will  often  be  indi- 
cated by  a  peculiai'  yellowish  or  brownish  tinge,  such  as 
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most  are  familiar  with  in  the  water  of  marshes  or  peat  bog&l 
If  of  animal  origin,  they  may  impart  no  tinge-,  and  are  mors  I 
likely  to  he  dissolved.     They  are  derived  from  numberlesi^ 
sources,  but  those  of  most  importance,  hygienically, 
furnished  by  the  habitations  and  trades  of  men. 
water  curries  down  from  the  air  floating  organic  impui 
ties,  and  it  may  also  become  contaminated  by  decayingn 
leaves  that  have  accumulated  on  the  roofs  of  houses, 
terns  are  also  liable  to  receive  impurities  from  the  leaking 
of  sinks  or  waste-pipes,  or  by  the  washing  in  of  leaves  fi 
ihe  roof.     Shallow  wells  are  extremely  apt  to  become  col 
taminated  by  Qoods  carrying  In  organic  surface  impuritiet 
Deep  wells  frequently  drain  large  areas  about  them,  an 
are  very  often,  particularly  in  towns,  rendered  impure  anf 
even  offensive  by  collecting  the  drainage  from  oesspf 
vaults,  etc.     In  epidemics  of  typhus  and  typhoid  fever  a 
cholera,  cases  have  occurred  where  it  was  known  tliat  th*^ 
specific  pciison  of  the  disease  found  its  way  into  the  syste 
by  this  means,     Springs  and  streams  oftentimes  rcceiw 
the  discharges  from  large  manufactories;    and,  althou^l 
the  water  appears  pure,  an  examination  reveals  the  pre 
ence  of  organic  matter.     Tiie  effects  of  this  contaminatiog 
may  be  shown  by  taking  a  little  of  the  sediment  that  bol 
accumulated  at  the  bottom  of  a  cistern,  and  placing  it  in  | 
bottle  of  perfectly  pure  distilled  water,  when,  in  a  short' 
time,  if  the  weather  be  warm,  it  will  smell  offensively. 
Thus,  at  ordinary  summer  temperatures,  this  organic  mat- 
ter is  liable  to  undergo  putrefactive  change,  and  it  is  thea  _ 
that  it  exerta  its  most  baneful  effects  upon  the  system 
This,  no  doubt,  is  one  of  the  causes  of  the  greater  preT»i 
lence  of  diarrhoeas  and  dysenteries  during  Ihe  warmer  p 
tions  of  the  year. 

409.  Action  of  Water  on  Lead.  —  Water  is  known  1 
possess  the  power  of  corroding  lead,  and  forming  t 
pounds  with  it  wliich,  if  dissolved,  render  the  water  higlU 
poisonous.     All  waters  art  upon  it  more  or  less,  but  it  ii 
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only  when  the  lead  is  diMoloed  that  the  water  contaiuing 
it  becomes  dangerous.  When  ordinary  water  is  placed  in 
contact  with  lead,  the  free  oxygen  it  contains  combines 
with  tlie  metal,  forming  oxide  of  lead,  witli  which  the 
water  immediately  unites,  producing  hydmted  oside  of 
lead,  which  is  nearly  insoluble.  Tliere  is  also  more  or  less 
carbonic  acid  existing  in  all  natural  waters  ;  this  combines 
with  the  oxide  of  lead,  forming  carbonate  of  lead,  which 
is  also  highly  insoluble.  But,  if  there  be  in  the  water 
much  carbonic  acid,  a  bicarbonate  of  lead  is  formed,  which 
is  very  soluble,  and  therefore  remains  dissolved  in  the 
water.  Hence,  waters  which  abound  in  free  carbonic  acid, 
as  also  those  which  contain  bicarbfj unites  of  lime,  magnesia, 
and  potash,  are  most  liable  to  become  poisoned  by  lead. 
Water  containing  common  salt  acts  upon  the  metal,  form- 
ing a  soluble  pniaonoiia  chloride  of  lead.  Tlie  presence 
of  organic  matter,  nitrites  and  nitrates,  imparts  to  the 
water  a  powerfully -corrosive  action.  K  the  water  contains 
vegetable  or  fatty  acids  of  any  kind,  or  sour  milk,  or  cider, 
its  action  on  lead  is  greatly  increased,  and  it  is  more  like- 
ly to  dissolve  the  compounds  formed.  On  the  other  hand, 
waters  containing  sulphates  and  phosphates  are  little  in- 
jured, these  Silts  e.\erting  a  protective  influence  on  the 
lead. 

The  lead  itself  is  more  easily  acted  npon  if  other  metals, 
such  as  iron,  zinc,  or  tin,  are  in  contact  with  it.  Galvanic 
action  is  set  up,  which  greatly  facilitates  corrosion. 

Dr.  Hassal  saya  that,  "  while  very  soft  water  cannot  be 
stored  for  a  lengthened  period,  with  impunity,  in  leaden 
vessels,  the  danger  of  tho  storage  of  hard  water,  under  the 
same  circumstances,  is  in  most  cases  much  greater.  This 
danger,  however,  is  to  be  estimated  neither  by  the  qualities 
of  hardness  or  softness,  but  allogetber  depends  upon  the 
chemical  constitution  of  each  different  kind  of  water.  Thus, 
if  this  be  ever  so  soft,  and  contain  free  carbonic  acid,  its 
action  on  lead  will  be  great ;  whereas,  if  it  be  hard  from 
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the  presence  of  sulphates  and  phospbatea  principally,  uid 
contain  but  few  bicarbooates,  little  or  no  solution  of  the 
lead  will  result," 

Seci'ios  ilL— Morbid  ^ccts  of  Impure  ^Yatxl^, 

410.  Dyspepsia. — Water  containing  sulphate  of  lime, 
chloride  of  calcium,  and  the  magnesia  salts,  has  a  decided 
tendency  to  produce  stomachicand intestinal  dcrangeiiientti. 
Dr.  Sutherland  found  that  the  hard  water  of  the  sandstone 
rooks,  which  was  formerly  much  used  in  Liverpool,  esertcd 
a  marked  effect  in  producing  constipation,  Icasenii.g  the 
secretions,  and  causing  visceral  obstructions ;  and,  in  Glas- 
gow, the  substitulion  of  soft  for  hard  water,  according  to 
Dr.  Leech,  lessened  the  prevalence  of  dyspeptic  coinphiints. 
The  exact  aniouut  capable  of  produciug  these  symptoms 
has  not  been  determined.  lu  a  well-water  which  was  found 
so  injurious  that  men  would  not  drink  it,  there  were  pres- 
ent nineteen  grains  of  carbonate  of  lime,  eleven  grains  of 
sulphate  of  lime,  and  thirteen  grains  of  chloride  of  sodium 
per  gallon.  The  total  solids  were  fifty  grains  per  gallon. 
Iron,  in  quanlities  sufficient  to  give  the  water  a  slightly- 
ferruginous  taste,  often  produces  dyspepsia,  headacbe,  and 
general  uneasiness. 

411,  DiorrhtBa. — That  this  disease  often  originates  in 
the  use  of  bad  water,  there  is  no  doubt.  Great,  numbers 
of  instances  are  on  record  where  it  was  traoed  directly  to 
this  cause,  and  where  a  change  of  water  was  followed  by  a 
disappearance  of  the'diseose. 

Mineral  matters,  either  dissolved  or  suspended,  will 
give  rise  to  it  if  present  in  considerable  quantity.  The 
water  of  many  rivers  holds  in  suspension  fine  parlirles  of 
clay  or  marl  in  great  abundance,  particularly  at  ccrt«uii 
seasons,  and,  if  drunk  for  any  length  of  time,  will  produce 
diarrhcea.  The  use  of  waters  containing  dissolved  mineral 
substances,  particularly  sulphates,  will  also  cause  diarrhoea. 
"  Parent  Duchatelet  noticed  the  constant  excess  of  paUents 
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funitshed  bj  tlie  prison  of  St.-La2are,  ia  cciisequence  of 
diorrliuea,  aod  he  traced  this  to  the  water,  which  *  con- 
tained a  very  lar^e  proportion  of  sulphate  of  lime  and 
other  purgative  salts  '  "  (Parkea).  Waters  impregnated 
with  nitrate  of  lime  will  produce  diarrhoea.  Brackisb 
water  acts  in  the  same  way,  probably  from  the  large  quan- 
tity of  chloride  of  sodium  it  contaius. 

Dissolved  or  suspended  organic  tnuitLT.  whether  of 
vegetable  or  animal  origin,  will  cause  diarrhuoa.  In  the 
recent  war,  great  numbers  of  cases  occurred  from  the  use 
of  marsh  or  ditch  water;  the  Bickness  ceased  when  wells 
were  sunk.  Water  containing  fecal  uiatUir,  sulphuretted 
hydrogen,  or  other  sewage  products,  often  occusions  the 
worst  forms  of  diarrhcca,  attended  sonietimea  with  marked 
choleraic  symptoms  —  such  as  purging,  vomiting,  and 
cramps — even  when  the  senses  give  no  iudication  of  these 
impurities. 

The  effects  of  sulphuretted  hydrogen  are  well  shown 
by  a  case  that  occurred  in  the  lute  war  in  Mexico.  The 
French  troops  suffered  greatly  at  Orizaba,  from  the  use 
of  water  taken  from  sulphurous  and  alkaline  springs.  This 
produced  dyspepsia  and  diarrhcea,  attended  with  enor- 
mous eructations  after  meula,  the  eructed  gas  having  a 
strong  smell  of  sulphuretted  hydrogen.  Sewage-gases, 
setting  back  through  untrapped  overflow-pipes  into  tanks 
and  cisterns,  often  contaminate  the  water  very  rapidly. 

412.  Dysentery. — This  also  frequently  results  from  the 
use  of  impure  Wiiter.  The  impurities  which  produce  it 
appear  to  be  of  the  same  kind  as  those  which  cause  di- 
arrhcea. Tlie  drainage  from  graveyards  contains  large 
quantities  of  organic  matter  and  nitrates,  and  its  use  is 
very  liable  to  produce  this  disease.  Water  contaminated 
by  the  discharges  of  dysenteric  patients  is  known  to  pro- 
duce dysentery  in  others,  and  thus  the  disease  oftentimes 
becomes  epidemic. 

413.  Cholera. — Symjrtoir.s  of  (bis  malndy  often  follow 


ELEMESTAEY   DYGIENE. 


osing  OP  ^^H 
i  ca^mble  ,|^H 
iusettlcd.    ^^H 


the  uae  of  water  containing  sewage  or  decomposing 
ganic  matter.  Many  beUeve  that  such  water  13 
of  producing  the  disease,  but  this  point  is  still  unsettled. 
There  is  any  amount  of  evJdenee,  liwwever,  that  the  di»- 
eaae  is  frequently  conveyed  in  drinking-waters  which  hare 
been  tainted  with  cholcra-eracuations.  It  is  also  quite 
certain  that  the  use  of  impure  water  of  any  kind  predis- 
poses to  cholera.  It  probably  acts  by  keeping  up  a  con- 
stant irritation  in  the  alimentary  canal,  thus  causing  diar- 
rhcea,  wliieli  in  cholera  epidemics  usually  precedes  tbeJ 
outbreak  of  the  graver  disease.  *l 

414.  Enteiio  Fever. — The  spread  of  this  disease  has  of  ■ 
late  years  been  frequently  traced  to  the  agency  of  driuking^  I 
waters  contaminated  either  with  decomposing  organic  mat-  ] 
ter,  or  the  discharges  of  fever-patients.  The  most  usual  ■ 
condition  of  its  outbreak  is  the  use  of  water  from  wells  oeM 
reservoirs  that  receive  the  Boakage  from  defective  drain^fl 
from  privy-vaults,  or  from  some  other  contiguous  source  of^ 
filth.  The  instances  of  its  originating  in  this  way  ar^l 
too  numerous,  and  have  been  too  clearly  traced,  to  sdmitfl 
of  a  doubt  of  the  fact,  nor  does  mere  dilution  of  tbsA 
poison  remove  the  danger,  as  the  following  will  show:  AS 
recent  outbreak  in  an  English  town  was  traced  to  the  milkfl 
with  which  numerous  families  were  served,  and  it  was  oao^fl 
clusively  proved  that  this  milk  was  poisoned  by  being.! 
stored  ia  cans  that  had  been  washed  with  water  contanil<cl 
natcd  with  sewage  from  an  imperfect  drain.  I 

415.  Halarions  Venn.  —  There  is  strong  evidence  wM 
support  of  the  IwHef  that  these  are  often  produced  b^l 
drinking  marsh  or  diich  water.  They  are  supposed  to  btfl 
caused  by  some  specifio  poison  generated  ia  marshy  ^^9 
gions ;  and  that  this  may  find  its  way  into  the  bloojB 
through  the  agency  of  water,  as  well  as  of  air,  there  is  S^f 
reason  to  doubt.  Mr.  Blower,  of  Bedford,  England,  mewfl 
tions  a  case  in  wliicb,  in  the  parish  of  Houghton,  almoaM 
the  only  family  which  escaped  ague  at  one  time  was  tlu^l 
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of  a  farmpr  who  used  well-water,  while  all  the  other  in- 
habitants drank  ditch-water.  • 

la  yetlow  fever,  like  dysentery,  t;-p[ioid  fever,  and 
cholera,  the  aiimeDtary  mucous  membrane  is  primarily  af- 
fected. Hence,  there  is  strong  probability  tliat  the  cause 
ia  also  swallowed  in  this  case,  and  enters  with  the  drink- 
ing-water, 

416,  Ooitre,  or  enlargement  of  the  thyroid  gland,  is 
most  common  in  limestone  regions,  and  is  held  by  some  to 
be  caused  by  drinking  water  highly  impregnated  with  lime 
and  inagnesia  salts.  Johnston  states  that  in  the  jail  at 
Durham,  England,  when  the  water  contained  seventy-seven 
grains  per  gallon  of  lime  and  magnesia  salts,  all  the  pris- 
oners had  swellings  of  the  neck.  Tliese  disappeared  when 
a  pm-er  water,  containing  eighteen  grains  per  gallon,  was 
obtained. 

117.  Entozoa,  or  those  parasitical  creatures  which  in- 
fest other  animals,  may  find  their  way  into  the  body  by 
means  of  the  drinking-water.  While  some  enter  with  the 
food,  others  (in  the  embryo  state)  arc  known  to  exist  in 
great  numbers  in  river-water,  and  doublleas  are  often  swal- 
lowed when  such  water  is  used  for  drinking  purpose?. 

Seittios  \Y.— Purification  of  Water. 
418.  Examination  bytheBenses. — If  water  is  examined 
by  the  unaided  senses,  the  information  obtained  is  very 
limited  and  should  not  be  reHed  upon.  They  will  only 
indicate  extreme  conditions,  and  are  very  liable  to  overlook 
the  most  characteristie  impurities.  Taste,  for  instance, 
even  though  it  be  extremely  delicate,  is  wholly  untrust- 
worthy. Organic  matter,  when  dissolved,  is  often  quile 
tasteless  ;  55  grains  of  carbonate  of  soda  and  70  of  chloride 
of  sodium  per  gallon  arc  imperceptible;  16  grains  of  car- 
bonate of  lime  give  no  taste,  and  25  grains  of  sulphate 
of  lime  very  little.  If,  from  its  effects,  a  given  water  is 
suspected  of  impurity,  and  ita  use  cannot  be  avoided,  ex- 
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amination  ot  it  should  be  intrusted  to  some  competent ' 
person. 

419.  CiAill&tLon. — Water  may  be  most  tUorougUy  puri- 
fied by  distillation,  but  tliis  is  impracticable  when  consid- 
erable quantities  are  required,  and,  besides,  the  water  is  not 
lit  to  drink  until  at!rated.  To  render  it  perfectly  piire,  it 
must  be  redistilled  at  low  temperatures,  in  silver  vesseK 

420.  Boiling  and  Freezintr.— Boiling  kills  most  animal 
fiud  vegetable  organisms  that  water  may  contain,  expels 
gaees,  and  precipitates  carbonate  of  lime.  It  is  the  latter 
that  constitutes  the  fur  or  crust  often  seen  lining  tea- 
kettles and  boilers. 

Freezing  renders  water  much  purer,  by  expelling  a  large 
proportion  of  its  saline  contents.  Carbonate  and  sulpiiate 
of  limn  may  be  thus  got  rid  of.  But,  like  boiling  and  dia* 
tillatiou,  freezing  expels  the  air  and  thus  renders  the  water 
insipid.  In  all  these  cases  the  water  regains  its  palata- 
bllity  on  standing. 

421.  Puriflcatioii  by  Chemical  Moans.— Tlie  addilion  of 
two  or  three  grains  of  alum  to  the  quart  cleanses  muddy  or 
turbid  water,  but  often  renders  it  harder  than  bcfoie. 
When  alum  is  added,  the  water  should  not  be  used  under 
twenty-four  hours.  Permanganate  of  potash  destroys  or^ 
ganic  matter  and  ammoniacal  compotmdsbv  rapid  oxidation, 
and  may  be  used  with  advantage  for  this  purpose. 

422.  Filtration. — This  is  the  most  eiTective  and  prac- 
ticable method  of  purification,  and  is  withiu  the  reach  of 
every  one.  Many  substances  will  answer  as  filters,  such 
as  crushed  charcoal,  sand,  or  porous  sandstone,  flannel, 
wool,  sponges,  or  any  other  porous  media.  Of  all  tliese, 
charcoal  is  the  host.  It  will  remove  eighty-eight  per  cent, 
of  organio  matter,  and  twenty-eight  per  cent,  of  nuneral 
matters.  If  the  water  is  moderately  good,  one  pound  of 
charcoal  will  purify  six  hundred  pounds,  or  sixty  gailonSi 
Animal  charcoal  is  better  than  vegetable,  though  both 
lose  their  purifying  power  sooner  or  later.     It  is  quieUy 
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restored,  howprer,  by  expOBure  to  air  and  sliglit  heat. 
Filters  of  charcoal  should  be  made  of  considerable  thick- 
nesB,  and  the  coat  6nely  crushed  and  well  pressed  to- 
gether. The  effect  of  the  charcoal  is  supposed  to  be 
chiefly  chemical,  as  it  brings  the  large  quantity  of  oxygen 
which  it  holds  iuto  the  closest  contact  with  any  oxidizable 
matters  in  the  water. 

Sand  ia  much  used,  and  answers  well  for  a  time,  but 
requires  to  be  often  renewed. 


CHAPTER   XVII. 
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POOD  AND   DEALTn. 

Sectiox  I. — Tlte  Alimentary  J^rinciples  of  Food. 

423.  The  Four  GronpB.— It  was  stated  in  Chapter  VL, 

Section  I.,  that  all  substances  used  as  foods  may  be  classed 
under  four  heads,  either  as  Protcids,  Fats,  Amyloids,  or 
Minerals.  It  is  desirable  to  recapitulate  and  Bomcwhat 
extend  the  observatioos  there  made. 

424.  The  Proteida — This  group  of  alimentary  principles 
includes  Gluten,  Fibrin,  Albumen,  Syntonin,  Casein,  and 
Gelatin,  which  are  characterized  by  the  presence  in  their 
composition  of  a  large  amount  of  nitrogen. 

Gluten  is  the  adhesive  principle  of  grain,  and  is  a  gray- 
ish, tough,  clastic  substance,  loft  when  the  starch  ia  thor- 
oughly washed  away  from  flour.  From  its  resemblance  to 
the  fibrous  part  of  meat,  it  is  known  as  vegetable  fibrin. 
Animal Jibrin  exists  dissolved  in  the  blood,  and  eolidifies 
into  a  fine  net-work  as  the  blood  coagulates.  It  constitutes 
the  bulk  of  lean  meat.  Casein  is  ibc  curdy  principle  of 
milk,  which  is  separated  by  coagulation,  and  forms  tlie 
chief  ingredient  of  cheese.  It  eiisls  in  large  quantity 
(twenty  to  twenty-eight  per  cent.)  in  beans  and  peas,  and 


384  ELEMENTAKT   UVGIENE. 

is  known  as  vegetable  casein.  Albumen  is  a  transpaTCnt,^ 
glairy,  coagulable  fluid,  familiar  to  all  as  white  of  egg, 
is  a  large  oonstitueut  of  animal  fluid  and  tissues,  and 
cura  iu  the  seeds  and  juioes  of  plants.  Syntonin  is  thel 
chief  constituent  of  ninscle  or  flesh.  It  closely  resembleB:! 
albumen  in  composition,  but,  unlike  it,  is  not  a  product  of 
the  vegetable  Idogdom,  Gelatin  is  an  animal  product, 
chiefly  obtained  from  bones  and  tendons.  It  is  not  found 
in  the  vegetable  kingdom,  and  is  used  for  food,  principally 
in  the  form  of  jellies  and  soups. 

All  the  foregoing  substances,  except  gelatin,  have  a 
markable  similarity  of  composition.     They  present  Yarletios 
of  aspect  and  physical  properties,  and  differ  in  consistency, 
solubility,  and  behavior  with  heat:  but  they  servo  a  cotn- 
roon  purpose  in  the  animal  economy — that  of  fiirnishiug 
material  for  the  formation  of  the  tissues — and  on  this 
count  have  a  high  nutritive  value,  and  are  to  a  great 
tent  mutually  repliiccable. 

425.  The  Fats.~These  cccur  in  both  plants  and 
and,  whatever  their  source,  have  a  great  similarity  of  coi 
position.  Like  the  proteids,  they  differ  in  physical  prop- 
erties, but  arc  capable  of  replacing  each  other  as  articles 
of  diet.  They  are  essential  to  the  formation  of  both  mus- 
cular and  nervous  tissue,  and,  from  their  large  amount  of 
hydrogen  and  carbon,  are  the  most  energetic  supporters  of 
the  heat-produciug  function. 

426.  The  Amyloids. — ^Thia  group  comprises  thsstarchesj, 
sugars,  and  gums — principally  vegetable  products,  'which-< 
in  one  fonn  or  another  constitute  a  large  proportion  of  our^ 
ordinary  food.  Starch  is  abundant  in  grain,  peas,  beans,' 
and  potatoes.  The  different  preparations  known  as  sa^o, 
tapioca,  arrow -root,  and  the  like,  consist  almost  entirely  of 
starch  extracted  from  different  species  of  plants.  Starch 
is  capable  of  conversion  into  sugar,  and  is  thus  changed  by 
the  juices  of  the  alimcntarj'  cun.d.  Sugar  ia  produced  by 
both  plants  and  animals,  but  our  supply  comes  chiefly  from 
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the  vegetable  kingdom,  whtre  it  occurs  in  great  abundance 
in  sap,  fruit,  and  seeds.  By  the  agenoy  of  heat,  starch 
may  be  converted  into  ffum,  known  as  destrine.  Gums 
are  vegetable  products  widely  distributed,  but  not  in  great 
abundance.  Their  composition  is  similar  to  that  of  starch 
and  sugar,  and  their  dieteticol  function  is  supposed  to  be 
the  same. 

427.  Their  Offices.— It  has  until  lately  been  supposed 
that  as  the  nitrogenous  and  non-nitrogenous  substances  are 
clearly  separated  by  chemical  compositions,  they  are  also 
sharply  divided  in  their  physiological  effects.  The  first 
were  supposed  to  nourish  the  tissues,  the  decomposition 
of  ■which  was  believed  to  be  the  sole  source  of  animal 
power,  while  the  fatty  and  umyloid  group  sen'ed  only  to 
maintain  animal  heat  by  their  oxidation.  But,  while  it  is 
believed  that  the  bodily  tissues  can  only  be  reproduced 
from  the  nitrogenous  elements,  it  is  admitted  that  the  de- 
composition of  these  tissues  must  be  a  source  of  heat;  and 
recent  researches  have  established  that  the  combustion  of 
the  hydro-carbons  is  a.  source  of  power,  part  of  the  heat 
produced  being  converted  into  mechunienl  force. 

42B.  Hineral  Aliments. — The  inorganic  nr  mineral  con* 
Btituents  of  food  consist  of  water  and  various  saline  sub- 
stances.  Common  salt  occius  in  all  forms  of  food,  but  in 
larger  proportion  in  animal  than  in  vegetable  tissues.  An 
instinctive  craving  impels  animals  to  seek  for  a  larger  sup- 
ply of  it  than  is  furnished  in  their  food.  Chloride  of  potas- 
sium, phosphate  of  lime,  and  alkaline  carbcmates,  are  indis- 
pensable to  digestion,  and  are  funiished  in  combination 
with  the  various  aliments. 

429.  Heoenity  fbr  a  Mixed  Diet. — The  usual  forms  of 
food  are  combinatioTis  of  these  alimentary  principles.  Milk, 
for  example,  is  a  highly-complex  animal  product,  contain- 
ing water,  casein,  butter,  sugar,  and  various  mineral  salts 
— representatives  of  each  of  the  four  classes  of  alimentary 
principles.     By  its  excess  of  B:ilts  and  nitrogenous  matter. 
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it  is  suited  to  the  wants  of  the  infant,  or  the  period 
ra])id  growth,  but  it  is  not  a  i;oniplete  or  pro  perl  y-balanced' 
diet  for  the  adult.  In  tlic  majority  of  caseB,  uo  Bin) 
tide  of  food  is  thus  perfect  in  com  position,  there  being 
usually  one  or  more  of  the  essentiul  elements  of  a  suitubla 
diet  wanting.  This  is  the  case  with  the  various  meats,  all 
of  which  abound  in  nitrogenous  and  fatty  substances,  but 
are  deBcient  in  the  amyloid  elements.  On  the  other  hand, 
most  vegetables  are  rich  in  starch  and  sugur,  but  deficient 
in  nitrogenous  mattera.  Bread  is  nitrogenous,  amylaceous, 
and  inorganic,  but  lacks  fat ;  while  Indian-corn  coutainB 
less  oT  the  nitrogenous  element,  but  a  large  amount  of 
starch,  and  eigiit  or  t^n  per  cent,  of  fat.  As  no  one  artide 
of  food,  therefore,  contains  these  four  classes  of  materials  n- 
the  proportions  requisite  to  a  perfect  diet,  we  arc  obliged^ 
to  mix  our  various  food-stuffs.  Confinement  to 
alimentary  principle,  or  to  uny  one  cIhbs  of  them  alone, 
sure  to  be  followed  by  disease.  It  has  been  shown,  by 
peated  experiments,  that  dogs  conGned  to  the  esclusivWi 
use  of  either  starch,  fat,  or  albumen,  soon  die  of  starvatii 
Like  experiments  begun  upon  men  were  productive  of 
corresponiling  disturbance,  and  doubtless,  if  carried  ox 
would  have  ended  in  the  same  way. 

The  protoida  are  first  in  importance,  as  much  the  larf 
part  of  the  mass  of  the  body  is  derived  from  them,  ai 
when  given  alone,  they  sustain  its  powers  longer  than  a,aj^ 
other  class  of  aliments.  Hence,  it  is  easy  to  see  why  b] 
haustion  follows  so  much  more  quicklv  when  they  are 
withheld,  than  when  other  kinds  of  food  are  unsuppliei 
But  the  amyloids,  fats,  and  minerals,  are  also  requisite, 
and  the  body  feels  Ihe  want  of  them  sooner  or  later,  even 
though  the  proteids  are  furnished  in  abundance. 

Sectiox  II. — Animal  Footh. 
Foods  may  be  conveniently  divided  into  three  classes  t  1 
nnimal  food,  vegetable  food,  and  auxiliary  food. 
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stances  derived   from   animals,  such  as   milk,  egga,  and 
meats,  are  examples  of  the  first  class. 

430.  Hilk. — As  this  liquid  contains  all  the  elements 
necessary  for  complete  nutrition,  it  has  been  regurded  as 
the  tjrpe  of  composite  foods,  but,  as  just  remarked,  it  la 
only  coiapletely  adapted  to  a  certain  stage  of  anitnnl  life. 
A  hundred  parts  of  cow's  milk  contain  of  casein,  4.48;  of 
butter,  3.13;  of  milk-sugar,  4.47 ;  salts,  .60;  and  of  water, 
87.3:^.  This,  however,  is  only  an  average  statement,  as  no 
two  cows  give  milk  exactly  alike  in  composition,  while  the 
milk  of  the  same  cow  varies  with  the  food.  The  milk  of 
goats  and  ewes  is  richer  in  solids  than  that  of  the  cow. 
Human  milk  is  poorer  in  casein,  and  contains  a  larger  pro- 
portion of  sugar  than  cow's  milk  ;  this  is  the  reason  why 
the  latter  is  diluted  and  sugared  when  emplojed  as  food 
for  inbiUts. 

Ill  cities,  milk  is  often  adulterated  with  water.  If  much 
water  has  been  added,  it  may  be  detected  by  applying  the 
specilic-gnivity  test.  The  specific  gravity  of  unadulterated 
milk  ranges  from  1.026  to  1.033;  the  average  is  about 
1.030.  Two  parts  water  to  eight  parts  milk  will  reduce 
its  specific  gravity  to  1.024  ;  four  parts  water  to  six  parts 
milk,  to  1.018.  Gooil  milk  should  be  of  a  full  white  color, 
perfectlv  opaque,  without  deposit,  and  free  from  any  pe- 
culiar taste  or  smell.  It  should  give  a  neutral  reaction, 
and  have  a  specific  gravity  of  at  least  1 .028. 

431.  Butter  and  Cheeee— These  furnish  the  nutrilive 
constituents  of  milk  in  a  concentrated  form.  Butter  is 
habitually  associated  with  substances  which  are  deficient 
in  int,  and  is  held  to  promote  their  digestibility.  All 
butter  contains  casein,  which  is  derived  from  the  milk 
skimmed  off  with  the  cream,  but  the  less  it  contains  the  less 
liable  it  is  to  become  rancid.  Rancidity  is  chiefly  owing  to 
changes  in  the  oil  produced  by  decomposition  of  the  casein. 
Butter  in  this  condition  is  unfit  for  food,  as  it  is  indiges- 
tible, and  has  been  known  to  produce  dyspepsia  and  d 
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ibosa.  Chcc5C  is  rich  in  nitiogenoos  material,  and  wben 
fresh  It  rc-gnrdcd  as  exceileut  food.  It  is  very  liable,  Iioir- 
etet,  io  undergo  cbemical  change,  and  when  this  is  once 
•et  up  it  becomes  irritatiDg  and  indigestible,  especially  if 
eaU!Q  in  considerable  quantitr-  The  peculiar  flaror  of  old 
clieeae  arises  from  this  commencing  decomposition,  and  it 
oftMi  diflturbs  weak  stomachs.  In  this  condition,  however, 
it  is  said  to  promote  the  digestion  of  other  substances,  and 
for  this  reason  is  sometimes  taken  in  small  quantities  as  it 
(xiiidimont. 

432.  Eggi,— Tlieae  are  both  nitrogenous  and  fatty,  and^ 
when  properly  cooked, are  easily  digettted  and  highly  natti-^ 
ttoUB.  Tlicy  contain  no  starch  or  sugar,  and  should  there- 
fore bo  eaten  in  ccnnection  with  such  articles  as  supply 
these  aUments.  Eggs  arc  most  wholesome  when  boiled 
BulTiuiently  to  coagulate  the  white  without  hardening  the 
yolk.  Hard  boiled  or  fried  eggs  digest  tvith  difficulty.  And 
eggs  that  have  been  kept  long,  though  not  spoiled,  are  lese 
digestible  than  fresh  ones. 

433.  HeRtu — Whatever  their  source,  titcse  are  esssen- 
tially  the  same  in  constitution,  that  is,  they  all  contain  s 
largo  amount  of  nitrogenous  matter,  in  union  with  much  fat 
and  various  important  salts.  Their  adrantage  as  a  diet  is, 
that  tliey  contain  a  large  amount  of  nutriment  in  a  highly- 
concciitrtited  form,  are  easily  digested  when  properly  cocdied,  ■ 
nnil  admit  of  ready  assimilation.  ^t 

Freeh  meat  varies  in  quality  with  different  animals,  andfl 
with  the  age,  sex,  and  condition  of  the  individual  from* 
which  it  was  obtained,  as  well  as  with  the  character  of  the 
(txid  upon  which  it  was  fattened.  Stall-fed  cattle  make 
tJie  finest  beef,  ami  corn-fed  swine  the  best  pork.  The  , 
nicest  mutton  is  obtained  from  sheep  fattened  on  f^eBl^  ■ 
succulent  pasturage.  In  all  eases  the  animal  should  bsf 
I'rrc  from  disease,  and  of  medium  fatness,  to  make  its  flesk  | 
n  hcalthly  and  economical  food.  The  muscle  should  be  of  i 
a  Tirm  yet  not  sodden  consistence,  of  a  pale-reddish  color^  4 
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somewhat  ligliter  toward  the  centre  tlian  at  the  surface, 
aad  show  no  disposition  to  tear  across  its  fibres.  The  &it 
should  be  white,  or  but  slightly  tinged  with  yellow,  and 
also  firm  to  the  touch.  The  pale,  moist  musole  marks  the 
young  animal ;  the  dark  colored,  the  old  one.  The  meat 
should  be  free  from  any  disagreeable  odor,  and  the  mus- 
cles, wheu  cut  aoroaa,  aliould  present  a  uniform  solidity. 
Any  marbling,  or  points  where  the  knife  passes  more 
easily  than  at  otliers,  indicates  commencing  decomposition. 
As  a  rule,  the  flesh  of  young  animals  is  tenderer  and  more 
easily  digested  than  that  of  old  ones ;  veal,  however,  is  an 
exception,  so  far  as  digestibility  is  concerned.  The  flesh 
of  young  animals  contains  more  water  than  that  of  old 
ones,  consequently  it  is  more  juicy,  but,  bulk  for  bulk,  less 
nutritious. 

434  Salt  Keat. — Beef  and  pork  are  commonly  pre- 
served for  future  use  by  salting,  and  in  this  condition  are 
largely  employed  as  food.  Salting,  however,  reduces  the 
nutritive  value  of  meat,  detracts  from  its  flavor,  and  ren- 
ders its  digestion  more  dilBcult.  It  does  this  by  extract- 
ing a  portion  of  the  juices,  which  remain  dissolved  in 
the  brine,  thus  leaving  the  fibres  of  the  meat  harder  and 
consequently  less  easily  acted  upon  by  the  fluids  of  the 
stomach. 

435.  Poultry  and  Game,— Meat  of  this  kind  is  more 
easily  digested  than  that  just  considered,  but  is  regarded 
as  less  nutritious.  It  is  not  so  juicy  as  butcher's  meat, 
and  aa  a  rule  contains  less  fat.  Broths  made  from  it  have 
a  delicate  flavor,  and  contain  considerable  nutriment,  hence 
they  make  an  excellent  food  for  convalescents. 

436,  Fiah.— The  flesh  of  fish  is  very  similar  in  composi- 
tion to  that  of  other  animals.  It  is  somewhat  poorer  in 
nitrogenous  matter,  but  richer  in  icnportant  salts,  and  con- 
tains a  larger  proportion  ft  water  than  butcher's  meat. 

It  is  generally  of  easy  digestion,  but  it  should  not  be 
used  exclusively,  nor  for  a  long  period  together,  as  it  is 
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UgUj  iMJaiioiM.  It  ihotdd  be  vatra  asij  what  it  it  per* 
facUy  frail.  Salt  Gall,  like  eah  beef  cv  pcxk,  m  nidi 
inferior  to  frob,  and  extremely  tndigcstible. 

4S7.  Cntai  tmi  LotatanL— The  fle^  <^  ibeee  unnk 
menibles  Uut  of  f»b,  bat  it  is  less  east]/  digerteJ.  it 
M  peniliarir  prone  lo  decooipodtion,  and  wben  eaten  h 
tfaia  •late  oftco  producea  sickness  wfaicb  sometiiDes  pnm 
btaL 

438.  Clami  ind  Oyiten. — Clams,  eilher  raw  or  cooked, 
are  dtflt<rult  to  dij^est.     Oysters  are  much  less  soi     Tbejr 
are  nUMt  ciuily  tUgested  when  raw,  and,  if  cooked, 
be  ciUuT  Btcwed  or  roastvd, 

Hzcnos  HI, —  Ve^eCable  Food. 

439.  Wbnt— or  vegetable  food-stuffe,  the  most  im- 
portaiil  ami  widely-used  are  the  cereal  grains.  Amon^ 
ihesn  wheal  ranks  nrat,  both  in  point  of  nutritive  ralne  and 
ill  the  cnsn  with  whioh  it  is  digested.  With  the  exceptioa 
of  milk,  It  appniBchcs  more  nearly  the  standard  of  a  perfect 
foml,  and  will  sustain  the  i>ower»  of  the  body  for  a  longc^ 
period,  than  any  other  single  article  of  diet.  It  coni 
from  ton  to  fiflecn  per  cent,  of  gluten ;  from  sixty  to  seveni 
per  cent,  of  starchy  matter,  and  a  small  proporti' 
besides  certain  important  alkaline  and  earthy  phosphates. 
Ita  proportion  of  water  is  very  low,  averaging  about  twelve 
per  cent. ;  bulk  for  hulk,  therefore,  it  is  richer  in  solids  than 
any  other  food.  The  starchy  elements  of  the  seed  exist  most 
abundantly  in  and  about  its  centre,  while  its  glutinous,  &tty, 
and  mineral  constituents,  are  found  in  greatest  quantity < 
towards  the  smface.  Tlie  coat  immediately  beneath 
husk  is  especially  rich  in  gluten,  and  therefore  highly  vah 
able  as  food.  In  the  process  of  grinding,  this  is  often  li 
by  passing  into  the  bran,  the  result  being  a  whiter  bi 
much  leas   nutritious   flour.     The    soft   wheats  yield  th4 


anong 
sand 
ptioa 
tEw* 

tun^^H 
ffet^^n 


VEGETABLE   FOOD,  391 

whitest  flours,  aa  they  contain  more  starch  and  less  gluten 
than  the  hard  or  flinty  varieties.  Good  ^rheat  sliould  yield 
at  least  eighty  per  cent,  of  flour. 

The  quality  of  wheaten  flour  may  be  best  detennioed 
by  the  practical  tost  of  baking.  Still,  something  may  be 
told  by  its  appearance.  It  should  contain  very  little  bran, 
Bud  its  starch  should  be  white,  or  with  the  very  slightest 
tinge  of  yellow.  Tlie  flour  ought  not  to  be  lumpy,  or,  if  so, 
the  lumps  should  readily  give  way  under  the  slightest  press- 
ure. Grittiness  indicates  that  the  starch^rains  are  chang- 
ing, and  such  flour  wiU  give  an  acid  bread.  When  com- 
pressed in  the  hand,  good  flour  will  adhere  in  a  lump,  and 
retain  the  imprints  of  the  fingers  longer  than  that  of  inferior 
grade.  If  cast  against  the  wall,  a  portion  should  stick 
firmly  to  its  surface.  The  dough  made  with  good  flour  Is 
ductile  and  elastic,  and  may  be  drawn  out  into  long  strips, 
or  rolled  into  thin  sheets  without  breaking. 

Flour  becomes  whiter  with  age,  but  it  is  at  the  cipense 
of  flavor,  sweetness,  and  nutritive  value.  The  greater  the 
proportion  of  gluten,  the  sooner  will  this  deterioration 
take  place.  Flour  is  sometimes  contaminated  by  the  pres- 
ence of  fungi  or  insects,  and  they  always  indicate  inferior 
quality.  It  is  also  occasionally  adulterated  with  the  flour 
of  other  grains,  which  can  only  be  detected  by  the  mtcro- 
Bcope. 

440,  Eye. — This  comes  next  to  wheat  in  nutritive  value, 
thougli  it  furnishes  less  flour  to  the  bushel,  and  that  of  a 
decidedly  darker  color.  Its  gluten  appears  to  contain  more 
casein  and  leas  vegetable  fibrin  than  that  of  wheat,  conse- 
quently it  is  less  tenacious.  Owing  to  this  quality,  bread 
made  from  rye-flour  does  not  rise  well,  and  is  liable  to 
become  heavy  on  cooling.  Rye-bread  soon  becomes  acid, 
and  with  many  is  not  easily  digested. 

441.  Baclnrlieat — This  is  poor  in  nitrogenous  aud  fatty 
constituents,  but  rich  in  starch.  Dread  made  from  buck- 
wheat-flour does  not  rise  well,  owing  to  its  deficiency  iu 
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gluten.  It  is,  tberefore,  cliicfly  consumed  in  making  griddle 
cakes,  which,  while  warm,  are  light  and  palatable,  but  not 
well  received  by  weak  stomachs. 

442.  Indiau-COriL  contains  a  much  larger  proportion  of 
fat  than  any  other  grain  in  common  use.  It  is  also  rich  in 
starch,  but  has  far  less  nitrogenous  matter  (zein)  than 
cither  wheat  or  rye.  This  principle  is  not  of  a  glutinous, 
adhesive  nature,  and  hence  maize-flour,  or  meal,  will  not 
make  a  dough,  or  fermented  bread.  In  the  preparation  of 
articles  of  food  from  Indiao-meal,  long  cooking  is  necessary, 
when  it  makes  both  a  palatable  and  highly-nutritious  food, 
which  is  easily  digested. 

443.  Oatmeal  is  rich  in  gluten  and  fat,  and  also  contaiiM 
a  fair  proportion  of  starch  and  sugKr.  It  does  not  maka 
good  bread,  but  is  commonly  cooked  by  stirring  with  boil- 
ing water  until  it  has  the  consistence  of  hasi y  pudding.  It 
should  be  thoroughly  cooked,  when  it  is  palatable  and 
highly  nutritious.  It  is  less  digestible,  however,  thoa^ 
wfa eaten  products, 

444.  Riee. — As  an  article  of  diet,  rice  possesses  the 
vantage  of  an  extremely  digestible  starch-grain.     It  faaa, 
however,   but   small  proportions   of    nitrogenous  matter, 
fat,  and  salts ;    hence,  in  rice-eating  nations,  it  is  habitu- 
ally taken  with  such  other  fo-sd  as  will  best  supply  these 

446.  Peaa  and  besjia  are  much  alike  in  composition,  ai 
both  rich  in  nitrogenous  oonstituent-f,  often  containing 
high  as  twenty-six  per  cent,  of  vegetable  casein,  orlegwntR, 
They  also  contain  much  sulphur  and  phosphorus,  togetlur> 
with  an  average  proportion  of  suits,  aTid  but  a  small  quantitjf:.' 
of  water.     They  are,  therefore,  very  nutrilious,  and  rank" 
among  concentrated,  strength -imparting  foods.     But  thi 
are  somewhat  indigestible,  and  liable  to  produce 
When  eaten,  it  should  be  in  small  quantity,  and  only 
those  of  an  active  habit  of  body, 

440,  Suoonleut  Vegetablea. — Of  these,  potatoes  am 
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jnost  valuable  and  moat  extensively  useJ,     Tlicy  contain  in 
100  parts — 
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They  are  tbua  seen  to  abound  in  amylaceous  materials  and 
Baits,  but  coutaiu  a  low  proportion  of  nitrogenous  matter, 
and  very  little  fat.  Owing  to  this  deficiency,  we  habitually 
Bssociate  tbem  with  meat,  when  they  form  an  easily  digested 
and  valuable  food. 

Turnips,  beets,  carrots,  parsnips,  etc.,  contain  more 
water  than  potatoes,  and  are  not  so  easily  digested.  Their 
solid  portions  consist  mainly  of  starch  and  sugar,  with  a 
small  percentage  of  fat  and  salts.  They  each  possess  a  pe- 
culiar volatile  principle,  which  adds  much  to  their  flavor, 
and  causes  them  to  be  eaten  more  as  a  relish  than  as  a 
Btrength- giving  food. 

Onions  and  cabbage  are  more  watery  than  the  preced- 
ing, but  their  solid  parts  contain  a  very  large  proportion 
of  nitrogenous  matter.  Tlicy  are  relished  chiefly  for  their 
pungency,  but  should  be  eaten  only  at  intervals,  as  they  are 
likely  to  cause  flatus  and  indigestion. 

447.  The  Pmits. — These  consist  mostly  of  water  and 
cellulose,  with  varying  amounts  of  fruit-sugar,  and  small 
quantities  of  potash,  soda,  and  lime,  in  combination  with 
certain  organic  acids.  Their  juices  contain  a  gelatinous 
Hubatance  termed  peetine,  which  forms  the  basis  of  the  va- 
rious jellies.  Fruits  are  prized  more  for  those  qualities 
which  relate  to  their  taste  than  for  nourishing  and  strength- 
ening power.  Nevertheless,  they  are  valuable  as  sourcea 
of  the  alkaline  and  earthy  carbonates,  and  useful  when  eaten 
in  moderate  quantity,  as  safeguards  against  constipation. 
They  are  most  wholesome  when  cooked,  but  in  all  cases  the 
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BkiDs,  seeds,  and  cares,  should  be  rejected,  as  indigpstiUe^ 
and  prolific  sourues  of  irritatiun. 

Section  IV. — Auxiliary  FockU. 

446. — Auxiiiar/  foods  comprise  a  rlnss  of  substances 
very  cxtensirely  employed  to  give  relish  to  other  dletaiy 
compoiiuds,  to  provoke  the  digestive  orgaus,  and  for 
vous  stimulation,  rather  than  for  any  nutritive  properties, 
of  their  own.      Daeful  when   taken  with  care,  they 
liable  to  prove  most  injurious  when  too  freely  indul) 
in.     Under  this  head  come  the  various  condiments 
beverage  a, 

449.  The  Condimenta. —  Vinegar  is  csaenlially  a  soluti 
of  acetic  acid  in  water.     Good  vinegar  ought  to  contain  aS' 
least  five  per  cent,  of  the  acid.  Commerrial  vinegar  is  oftesj 
largely  adulterated,  and  some  samples  wliich  pass  undsrJ 
the  name  are  made  of  sulphuric  acid  and  water,  colored 
with  burnt  sugar,  and  wilhout  a  trace  of  acetic  acid 
their  composition.     Vinegar  in  Email  quoiilities,  by  ai 
meuting  the  acidity  of  the  stomach,  may  reinforce 
gastric  juice,  and  promote  the  digestion  of  the  proteids. 

Jtlaek  pep/ier  consists  of  an  active  principle  (jtiperih), 
a  pungent  essential  oil,  and  an  acrid  resin.  It  is  a  power- 
ful stimulant  of  the  digestive  organs,  increasing  the  flow 
of  saliva  and  gastric  juice  in  a  marked  degree, 
powdered  state  it  is  frequently  adulterated  with  lini 
meal,  starch,  mustard,  buckwheat-bran,  etc. 
be  detected  by  the  microscope;  but  it  is  safest  to  pi 
the  berries  and  grind  them  as  wanted. 

Cayenne  jypper  resembles  black  pepf»er  in 
but  is  a  much  more  powerful  stimulant.     Its  habitual 
therefore,  cannot  he  recommended,  and,  if  taken  at  all, 
should  be  only  in  the  smallest  quantity, 

Tlie  sharp,  acrid  smell  and  taste  of  mvstard  are  due  to 
Ihe  volatile  oil  it  contains.  Used  in  small  quantities,  it  is 
ft  gentle  stimulant ;  in  large  doses,  it  acts  as  an  etnetia 
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Like  uU  articles  of  its  class,  it  is  subject  to  sophistication. ' 
Among  the  substances  addeJ,  the  most  common  are  tur- 
meric and  some  form  of  starch.     Sulphate   of  lime  and    ' 
chalk  are  also  sometimes  used  as  adulternnts. 

460.  Beverage*— Tea. — This  consists  of  the  leaves  of 
the  teaslirub,  grown  and  prepared  chiefly  in  China.  Many 
varieties  are  known  in  corimierce,  tlie  differences  between 
which  are  due  probably  to  dilfereut  modes  of  culture  and 
preparation. 

Tiie  substances  for  which  tea  is  most  prized  as  a  Ijover-  ' 
age  are—Jimt,  a  peculiar  volatile  oil,  which  gives  the  tea 
its  agreeable  flavor;  serond,  a  vegetable  alkali,  rich  in 
nitrogen,  and  known  as  them — tho  active  principle  of  tea; 
and  third,  tannic  acid,  which  gives  the  tea  its  astringent 
quality.  Of  the  Hrst,  tea  coutaius  less  than  one  per  cent, ; 
of  the  second,  from  one  and  a  half  to  six  per  cent. ;  and  of 
the  tannic  acid,  which  is  in  combination  with  the  ihein,  from 
fourteen  to  sixteen  per  cent  It  contains,  besides,  about 
twenty  per  cent,  of  gluten,  and  is  also  rich  in  salts,  but 
these  last  ingredients  are  not  usually  obtained  in  the  bev- 
erage. 

In  making  tea,  it  is  desirable  to  obtain  from  the  leaves 
the  largest  possible  amount  of  matter,  without  destroying 
its  flavor.  If  the  tea  is  boiled,  the  volatile  oil  is  driven 
off  with  the  steam — and  yet  a  boiling  temperature  is  re- 
quired to  dissolve  the  compound  of  thein  and  tannic  acid, 
the  most  important  constituent  of  the  leaf.  To  preserve 
the  one  and  obtain  the  other  is  the  principal  object,  and 
this  is  best  attained  by  pouring  boiling  water  upon  the 
leaves  in  close  vessels,  and  allowing  them  to  steep  for  a 
time,  with  the  temperature  slightly  below  the  boUing- 
point. 

Tea  acta  as  a  gentle  stimulant  to  the  nervous  sys- 
tem, without  producing  subsequent  perceptible  depressi< 
It  also  quickens  the  pulse  somewhat,  and  increases  the 
amount  of  pulmonary  cjirbooic  acid  exhaled.     It  produc 
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*  an  astringent  effect  upon  the  bowels,  but  not  to  any  harm- 
ful extent.  It  hastens  digestion  and  is  ini-igorating,  but 
should  not  be  taken  in  excess,  as  it  is  apt  to  induce  wake- 
fulness and  nn  irritable  state  of  the  system.  Green,  tea 
is  more  iujurious  than  black,  often  giving  rise  to  uerrotis 
tremors. 

Tea  of  all  sorts  is  liable  to  the  grossest  adulteration, 
grceu  teas  being  worse  in  this  respect  than  the  black 
varieties.  The  Chinese  heighten  the  color  of  the  leaves 
OT  fact  them,  as  it  is  termed,  by  the  addition  of  Prussian 
blue,  indigo,  turmeric,  gypsum,  and  China  clay.  A  bright- 
green  color  is  to  be  looked  upon  with  suspicion,  as  the 
pure  article  always  presents  a  dull,  faded  green  appear- 
snee.  The  leaves  of  other  pkmts  are  oft«n  mixed  with 
tea.  Sometimes,  also,  exhausted  tea-leaves  or  grrmndt  are 
bought  up,  astringency  imparted  to  them  by  the  addition 
of  catechu,  and,  colored  with  black  lead,  or  logwood,  they 
are  sold  again  as  genuine  tea.  Another  fraud  of  great 
prevalence  consists  of  minting  inferior  qualities  of  tea  with 
better  sorts,  and  cheating  the  purchaser  by  selling  ths 
compound  at  the  price  of  the  best  article. 

In  selecting  tea,  it  should  be  but  little  broken  up,  oi 
mixed  with  dirt,  and  the  leaves  should  vary  somewhat  in 
size  and  color.  The  best  teas  contain  portions  of  the 
stalk  and  flower.  Old  teas  do  not  possess  so  rich  a  flavor 
as  fresh,  owing  to  the  loss  of  a  portion  of  their  volatile  oil. 

461.  Coflbe, — Coffee,  like  tea,  contains  a  volatile  oil,  & 
vegetable  alkali  (caffein),  and  tannic  acid.  It  also  contains 
from  twelve  to  fifteen  per  cent,  of  amylaceous  material,  in  ths 
shape  of  sugar  and  gum,  and  nearly  the  same  quantity  of 
nitrogenous  matter,  in  various  forms,  Iwaidea  being  rich  in 
salts.  But  very  small  quantities  of  these  latter  substances 
find  their  way  into  the  beverage. 

The  agreeable  flavor  of  coflce  is  due  to  its  volatile  oil, 
which  ia  present  in  very  minute  proportions,  and  require* 
the  action  of  heat  to  develop  it.    This  is  done  by  the  pro> 
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ces9  of  torrefying.  The  caffoin  is  almost  identical  in  cotn- 
poaition  with  the  thein  of  tea,  and,  like  it,  is  the  active 
priaciple  of  the  beverage.  It  is  present  iu  Brnall  quantity, 
rarely  reaching  one  per  cent.  The  quantity  of  tannic  acid 
is  usually  less  than  six  per  cent.,  conscqueutly  coffee  is  not 
so  astringent  as  tea. 

The  action  of  coffee  upon  the  system  is  similar  to  that 
of  tea.  It  is  a  stimulant,  and  promotes  the  digestion  and 
assimilation  of  food.  It  both  enlivens  the  mind  and  invigo- 
rates the  body,  relieving  the  depression  of  fatigue,  and  in 
this  way  undoubtedly  tends  to  diminish  tlie  liability  to 
disease. 

There  is  a  peculiar  physiological  effect  exerted  by  coffee 
and  tea,  and  probably  also  by  alcoholic  beverages  when 
taken  in  small  amount — a  retardation  cf  destructive  meta- 
morphosis. The  renul  products  of  nmseutar  waste  are 
found  to  be  diminished  after  their  use ;  while  experience 
has  shown  that  they  may  replace,  in  diet,  a  certain  amount 
of  ordinary  food.  De  Gasparin,  in  bis  observations  upon 
the  regimen  of  the  Belgian  miners,  found  that  "  the  addi- 
tion of  a  quantity  of  coffee  to  the  daily  rations  enabled 
them  to  perform  their  arduous  labors  on  a  diet  which  was 
even  below  that  found  necessary  in  prisons  and  elsewhere, 
where  the  article  was  not  employed."  The  comparative 
effects  of  coffee,  tea,  and  alcohol,  in  enabling  men  to  endure 
cold  and  hardship,  are  thus  stated  by  Dr.  Hayes,  in  describ- 
ing the  experiences  of  arctic  exploration:  "Dr.  Kane's 
parties,  after  repeated  trial,  took  most  kindly  to  coffee  in 
the  morning,  and  t<;a  in  the  evening.  The  coffee  seemed 
to  last  throughout  the  day,  and  the  men  seemed  to  grow 
hungry  less  rapidly  after  taking  it  than  after  drinking  tea, 
whilo  tea  soothed  them  after  a  day's  hard  labor,  and  the 
better  eiiableil  tbom  to  sleep.  They  both  operated  upon 
btijpied  and  overtaxed  men  like  a  charm,  and  their  supe- 
riority over  alcoholic  stimulants  was  very  marked. 

In  the  process  of  roasting,  the  coffee  should  be 
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carefully  dried  In  an  open  pan,  over  a  gentle  fire,  until  ft  ■ 
becomea  yellow.  It  should  then  be  scorched,  in  a  covered 
vessel  to  prevent  the  escape  of  aroma,  taking  care,  by 
proper  agitation,  to  prevent  any  portion  froai  being  burnt, 
aa  a  few  charred  gruiiis  communicate  a  bad  odor  to  tU©  rest. 
The  operation  should  be  continued  until  the  coffee  acquirss 
a  deep  cinnamon  or  chestnut  color,  and  an  oily  appearttncc, 
or  until  the  peculiar  fragrance  of  roaaled  coffee  is  suiB- 
ciently  strong,  Unroasted  coffee  may  lie  kept  for  any 
length  of  time,  and  grows  better  with  age.  After  roasting, 
it  is  constantly  losing  flavor;  bence,  it  is  well  to  roast  but 
a  smuU  qunnlily  at  once,  and  this  ought  to  be  kept  in  close 
vessels,  and  ground  ns  it  is  wonted  for  use.  TliiB  c 
necessitates  the  purchase  of  the  berry  and  home  prepara- 
tion, but  the  additional  trouble  is  more  than  cnrnpensated 
by  the  superior  beverage  thus  obtained.  The  liner  It  is 
ground,  the  more  readily,  of  course,  will  it  yioM  its  solu- 
ble constituents. 

Ground  coffee  is  very  extensively  adulterated  ;  another 
inducement  for  purchasing  the  whole  berries.  Various 
substances  are  employed  as  adulterants,  such  as  roasted 
peas,  beans,  com,  turnips,  carrots,  potatoes,  etc.  But  the 
substance  most  commonly  used  is  chiccory,  which  has  a 
large  white  parsnip-like  root,  abounding  in  a  bitter  juice, 
A  little  of  this,  when  roasted,  gives  as  dark  a  color  and  as 
bitter  a  taste  to  water  as  four  times  the  quantity  of  coffee, 
and,  as  it  only  costs  about  one-third  as  much,  the  tempta- 
tion is  very  strong  to  mix  it  with  ground  coffoe.  So  great 
is  the  demand  for  cliiccory  for  this  purpose,  that  it  is  itself 
adulterated  with  roasted  barley  and  wheat  grains,  acorns, 
mangel-wurzel,  sawdust,  peas,  and  beans.  Venetian  red  is 
sometimes  added  to  give  it  a  coffee-color,  and  even  this  is 
cheapened  by  the  addition  of  brick-dust.  The  microscope 
detects  many  of  these  foreign  substances,  while  some  can 
be  identified  only  by  chemical  means. 

In  the  preparation  of  the  beverage,  we  are  met  by  the 
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difficulty  that  was  oncountpred  in  Ihe  case  of  tea;  (liat 
is,  s  high  heat  will  drive  off  the  aroma,  while  yet  it  is  re- 
quisite to  the  extraction  of  the  nclive  principle — cafiVip. 
To  obviate  tliia,  take  two  portions  of  coffee,  boi!  the  first 
for  five  minutes  in  the  required  amount  of  water;  then, 
after  settling  a  moment,  decant  the  water  upon  the  sec- 
ond portion,  and  allow  it  to  steep  for  a  few  momenls 
without  additional  heat.  After  it  has  settled,  pour  off  the 
liquor  for  use,  and  retain  the  grounds  for  the  next  day's 
boiling.  A  fresh  portion  furnishes  the  aroma,  and  cud 
in  its  turn  be  subjected  to  the  boiUng  process. 

462.  Cocoa  uid  Chocolate. — These  are  prepared  from 
cocoa'heans,  (vhich  are  derived  from  a  fruit  resembling  a 
abort,  thick  cucumber,  grown  u))on  the  small  cocoa-tree  of 
the  West  Indies,  Mexico,  and  Sfjutfa  America.  The  bean 
is  brittle,  of  a.  darli-bTOwn  color  internally,  and  has  a  slightly 
astringent  but  decidedly  bitter  taste.  In  preparing  it  for 
use,  it  is  roasted  in  the  same  way  as  coffee,  until  the  aroma 
is  fully  developed.  The  bean  is  now  more  brittle,  lighter 
in  color,  and  less  astringent  and  bitter  than  before.  The 
beans  contain  about  fifty  [>er  cent,  of  fattj-  matter,  called 
butter  of  cocoa,  and  from  twenty  to  twenty-five  per  cent,  of 
albuminous  and  starchy  material.  Tliey  also  contain  a  pecu- 
liar nitrogenous  substance  called  theobromin,  similar  in  na- 
ture and  properties  to  thein  and  caffein.  The  beans,  crushed 
to  a  paste  between  hot  rollers,  and  mixed  with  starch,  sugar, 
etc.,  form  common  co'^oa.  Chocolate  is  made  by  grinding 
the  recently-shelled  beans  to  paste,  mixing  this  with  sugar, 
and  flavoring  it  with  vanilla,  cinnamon,  and  the  like. 
When  used  as  a  beverage,  the  chocolate  or  oocoa  is  scraped 
into  powder,  mixed  with  water  and  milk,  and  brought  to  a 
boiling  heat.  As  thus  prepared,  chocolate  is  refreshing  to 
the  spirits,  and  highly  nutritious. 

Section  V. —  Culinary  I'reparaeion  of  Foods. 
453,  Cooking  has  a  twofold  object— ^r«r,  to  soften  the 
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food,  and  thus  facilitate  its  solution  in  the  digestive  jiuces; 
and  Mrotid,  to  develop  its  flavor,  and  thus  render  it  more 
agreeable  to  the  palate.  ^Tien  the  operation  is  properly 
performed,  both  these  purposes  tnnv  be  altained,  and  jet 
by  improper  nmnagenient  both  inuy  be  defeated.  For  ex- 
ample, in  cooking  meats,  it  is  desirable  to  retain  their 
flavor,  preserve  their  Juices,  and  soften  their  texture,  and, 
with  the  requisite  care,  all  this  may  be  accomplished;  yol 
how  often  does  careless  or  improper  management  give  as 
a  hard,  dry,  tasteless  mass,  as  indigestible  as  it  is  impala- 
table  I  Over«x>king  should  be  specially  avoided,  as  it  re- 
sults in  waste  and  Kiss  of  sapidity,  without  in  any  respect 
improving  the  charsicter  of  the  food, 

464.  Cookdng  of  Hetta, -~  BoUinff.  —  Meats  lose  from  i 
twenty-five  to  thirty-five  per  cent  of  their  weight  by  this  pro- 
cess. If  it  is  desired  to  retain  their  juices  and  flavor,  the 
pieces  should  be  cut  large,  and,  when  first  put  in,  the  water 
should  be  boiling.  This  coagulates  the  albumen  near  the 
surface  of  the  piece,  and  thus  prevents  further  escape.  After 
boiling  three  or  five  minutes,  the  heat  should  be  lowered  to 
about  160°,  and  maintained  at  that  point  until  the  completion 
of  the  process.  If  the  temperature  is  kept  above  170°,  the 
muscular  tissue  shrinks,  nnd  becomes  hard  and  indigestible. 
In  making  broth,  the  object  is  to  entract  the  juices ;  hence 
the  meat  should  be  cut  into  small  pieces  and  placed  in  cold 
water.  After  standing  a  little  time,  it  may  be  slowly 
heated  to  about  150°  ;  never  much  above  this.  Coagulation 
of  the  albumen  is  thus  prevented,  and  the  contained  juicea 
extmcted,  A  nutritious  beef-broth,  or  beef-tea,  may  be 
made  without  heat,  by  adding  to  a  pint  of  cold  water  half 
ft  pound  of  finely-eut,  fresh,  loan  beef  and  four  or  five 
drops  of  hydrochlorio  acid.  Slight  lient  and  a  few  drops 
more  acid  considerably  increase  the  amount  of  extract. 

Hotulinff  is  one  of  the  best  methods  of  cooking  meat. 
It  not  only  develops  the  flavor,  but  preserves  the  jiuces, 
And  leaves  the  meat  in  a  condition  to  be  easily  digested. 
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The  ]o68  is  about  twenty-five  per  cent,,  and  is  chiefly  water. 
The  process  should  be  commenced  wilh  an  intense  heat, 
io  order  to  coagulate  the  albumen  of  the  surface  and  form 
a  thin  Guperfiuial  crust.  Afterwards  it  abculd  be  done  very 
olowly,  so  as  to  avoid  liardening  the  inner  portions. 

Stewinff  is  analoffous  to  roasting,  only  the  meat  is  cut 
up,  and  continually  moistened  with  its  own  juices.  Like 
boiling  and  roasting,  it  should  be  done  at  a  low  beat. 
Tough  meat  is  best  cooked  in  this  manner.  Baking  re- 
quires to  be  conducted  with  great  care,  or  there  is  danger 
of  drying  up  the  meat.  Constant  basting  prevents  this  to 
some  extent,  but  the  method  is  inferior  to  roasting.  Fry< 
ing  is  the  worst  possible  way  in  which  meat  can  be  cooked. 
Ti»e  oil  or  fat  requiring  a  high  temperature  to  bring  it  to 
the  boiling-point,  the  meat  is  thus  rendered  extremely 
hard  and  the  fat  not  uofrcquently  burned.  Broiling  is  to 
be  preferred  to  frying.  It  has  much  the  same  effect  aa 
roasting,  and,  like  that  process,  should  not  be  carried  too 
far — a  high  beat  at  first,  sufficient  to  incrust  the  outside, 
and  then  a  low  temperature  to  complete  the  work. 

46fi.  Cookijig  of  Vegetables,— These  are  usually  boiled, 
and  are  best  cooked  by  this  means.  Cnre  should  be  taken 
not  to  overdo  them.  Thorough  softening  is  sufficient,  as, 
when  the  process  is  carried  beyond  this,  their  structure 
is  rapidly  broken  down,  and  a  large  proportion  of  their 
salts  and  juices  lost  in  the  water.  The  quality  of  the 
water  employed  exercises  an  important  influence.  Soft 
wafer  exerte  a  much  more  powerful  extractive  action  than 
hard,  hence  food  boiled  in  it  is  oftentimes  rendered  insipid 
by  the  loss  of  its  salts  and  juices.  When  it  is  desirable 
to  obtain  these  in  a  liquid  form,  as  in  making  soups,  broths, 
or  infusions,  soft  water  is  to  be  preferred.  In  those  cases 
where  it  is  not  the  object  to  dissolve  out  the  contents  of  a 
itructure,  but  rather  to  preserve  it  firm  and  entire,  hard 
water  is  the  best.  To  prevent  the  overJissolving  action 
of  soft  water,  salt  is  often  added,  and  proves  quite  oflectuaL 
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Section  VL— Injurious  Efe^ts  of  Sad  Diet. 

466.  Effects  of  Excsm  in  Diet.— The  influence  of  f( 
upon  health  is  immeiliate  and  jiowerful,  and  is  manifei 
in  various  ways.     Imperfect  diet  is  chiefly  injurious  by 
excess,  by  its  deficiency,  by  the  wrong  proportii 
elements,  and  by  the  unwholesome  condition  of  the  artich 
consumed. 

Tlic  quantity  of  food  that  it  is  proper  to  take,  varii 
of  course,  with  different  circumstances :  those  thinly 
and  exposed  to  cold  require  more  than  the  well  protected  J| 
those  ill  actire  eserciae  more  than  the  setlentaiy  or 
sons  of  inactive  habits  ;  while  the  growing  need,  propor- 
tionally to  their  size,  more  than  adults.     But  whatever  the 
circumstances,  if  the  quantity  of  fncid  taken  exceed  the 
demands  of  the  system,  citI  consequences  are  certain  tA 
follow.    The  immediate  results  of  over-eating  are  lethal 
heaviness,  and  tendency  to  sleep.    Overtaxing  the  digest! 
organs  soon  deranges  their  functions,  and  is  a  common 
efficient  cause  of  dyspepsia.     If  the  food  is  not  absorl 
from  the  digestive  apparatus  into  the  system,  it  rapit 
undergoes  chemical  decomposition  in  the  alimentary  canal, 
and  often  putrefies.     Large  quantities  of  gas  are  thus  gen- 
erated, which  give  rise    to    flatulence  and  colicky  pehi. 
Dyspepsin,  constipation,  and  intestinal  irritation,  causing', 
diarrhcea,  are  produced.     If  digestion  be  strong,  and  it 
products  are  absorbed,  an  excess  of  nutriment  is  thro' 
into  the  blood,  and  the  circulation  overloaded.    If  food 
expended  in  force,  the  natural  alternative  is  its  accumi 
tion  in  the  system,  producing  plethora  and  aboortnal 
crease  of  tissue.     This  is   accompanied  by  congestion 
important  organs,  mal-assimilatioa  of  nutritive  materi^'< 
and  increased  proneness  to  derangement  and  diseased 
tion.     The  excretory  processes  are  likewise  certain  to  bit* 
disturbed,  which  often  leads  to  the  retention  of 
products,  with  perversion    and  poisoning  of  the  blood^'i 
and  a  train  of  evil  consequences. 


the 
n  tA^^H 


iNJCItlOUS   EFFECTS  OF  BAD  DIET. 


403 


457,  Effects  of  Defioient  Diet.— As  food  is  the  source 
alike  of  the  material  organism  and  of  the  power  it  exerle, 
if  a  due  supply  of  it  is  withheld,  there  is  defective  nutri- 
tion, wiiich  reduces  the  structures  niitl  impairs  the  strength. 
Habitual  insufficiency  of  food  lowers  the  vital  powers  and 
depresses  the  functions.  There  is  hjas  of  menial  vigor 
and  muscular  energy,  and  a  tendency  to  digestive  disturb- 
ance, anaemia,  and  the  development  of  those  maladies 
which  result  from  dehility  and  undervitalized  conditions. 
The  resistance  of  the  system  to  the  numerous  causes  of 
disease  is  diminished;  typhus  and  typhoid  fevers  are  pe- 
culiar diseases  of  the  [loorly-fed.  In  childhood,  lack  of 
sufficient  food  is  often  the  cause  of  stunted  growth  and 
chronic  disease,  and  in  later  life  the  parent  of  depraved 
appetites  and  moral  perversities. 

Of  the  effects  of  stinted  food  upon  mind  and  character, 
Dr.  Moiei<hott  observes ;  "  There  is  another  instinct  by 
which  the  vigor  of  mind  is  vanquished  in  a  more  melan- 
choly way.  Hunger  desolates  head  and  heart.  Though 
the  craving  for  nutriment  may  be  lessened  to  a  surprising 
degree  during  mental  exertion,  there  exists  nothing  more 
hostile  to  the  cheerfulness  of  an  active,  thouglilful  mind, 
than  the  deprivation  of  liquid  and  solid  food.  To  the 
starving  man,  every  pressure  becomes  an  intolerable  bur- 
den ;  for  this  reason,  hunger  has  effected  more  revolutions 
than  the  ambition  of  disaffected  subjects.  It  is  not,  then, 
the  dictate  of  cupidity  or  the  claim  of  idleness  which 
prompts  the  belief  in  a  natural  human  light  to  work  and 
food."  J 

46B,  Amoant  of  Food  daily  required. — Although  tliis  is 
variable  in  different  circumstances,  yet  definite  standard? 
have  been  reached  when  dealing  with  large  bodies  of  men 
in  given  cases.  It  has  been  aliown  that  gcneraliy,  in  the 
case  of  the  adult  male,  from  ten  to  twelve  ounces  of  carbon 
and  from  four  to  five  ounces  of  nitrogenized  matter  {esti- 
mated dry)  are  daily  discharged  from  the  organism,  and 
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that,  to  replace  this,  there  is  required  a  d&ily  consul 
of  from  two  to  three  pounds  of  solid  food, 
oays :  "  From  experiments  performed  while  living 
exclusive  diet  of  bread,  fish,  meat,  and  butter,  with  eoffee 
and  water  for  driok,  we  have  found  that  the  entire  quantity 
of  food   required    during  twenty-four  hours,  by  a  man 
full   liealth,  and  taking  free  exercise  ii:  the  open  air,  is 
follows : 
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That  ia  to  say,  rather  less  than  two  and  a  Imlf  pounds 
solid  food,  and  rather  over  three  pinis  of  liquid  food." 

"  It  is  undoubtedly  true  that  the  daily  ratioD  has  fr 
quently  been  diiiiiuished  considerably  lielow  the  phyeii 
gical  standard  in  charibible  institution)!,  prisons,  etc. 
when  there  is  complete  inactivity  of  body  antl  mind,  tl 
produces  no  other  eflTect  than  that  of  slightly  diminisi 
the  weight  and  strength.     The  syslem  then  bacomea 
duced  without  any  actual  disease,  and  there  is  simply  B 
diminished  capacity  for  labor.     But  in  the  alimentation  ot 
large  bodies  of  men  subjei^ted  to  exposure,  and  freqtiently 
called  upnn  to  perform  great  lal>or,  the  question  of  food 
of  vital   importance,  and  the  men  collectively  are  like 
powerful  machine,  in  which  a  certain  quantity  of 
must  be  furnished  in  order  to  produce  the  required  amount 
of  force.     This  important  physiological  fact  is  most  strik* 
ingly  exemplified  in  armies  ;  and  the  history  of  the  world 
presents  few  examples  of  warlike  operations  in  which 
efficiency  of  the  men  has  not  been  impaired  by  ii 

"The  United  States  army-ration  is  the  most  generous  in 
the  world ;  and  the  result  has  been  that,  in  the  recent  civil 
war,  scurvy  and  other  diseases  which  are  usually  so  life  ia 
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■miies  subject  to  the  expoaure  and  fatigue  incident  to 
grand  military  operations,  have  been  comparatiTelj'  rare. 
In  some  of  the  lotig  and  arduous  campaigns  of  the  war, 
the  marches  made  by  large  bo<lies  of  troops,  and  the  labor 
performed,  showed  an  amount  of  endurance  heretofore 
unknown  in  military  history.  The  excellent  physical 
condition  of  the  men  was  further  cwdencod  by  the  remark- 
able percentage  of  recoveries  after  serious  wounds  and 
surgical  operations,  and  the  slight  prevalenoe  of  the 
ordinary  diseases,  except  those  of  malarial  origin." — (Dr. 
Flint.) 

The  folloiving  is  the  army-ration  of  the  United  States 
soldier : 

Brend  or  flour 22      ounces. 

Freahorsall  beef  (orpork  orhnton,  !2oz.)        .  20 

Potaloes(tbrec  times  per  week)     ...  Id         " 

Hice l.a      ■• 

Coffee  (ortea,  0.24  oz.)  ....  1.6      " 

8ug»r %*      " 

Beuia  O.M  gilL 

Tinegnr      ....  ...      O.na    " 

Salt (1,18     ■' 

459.  Effects  of  a  badly-constituted  Diet —There  may  be 

sufficient  bulkiness  in  the  food  taken,  but  such  a  mispropor- 
tion  among  its  elements  as  to  pervert  the  functions  and 
give  rise  to  various  maladies.  Tlie  several  elements  of 
food-stuffs  are  not  replaceable.  Deficiency  of  the  proleids 
results  in  muscular  debility  and  prostration ;  while,  if  too 
great  a  quantity  be  taken,  they  charge  the  system  with 
imperfectly-assimilated  compounds  and  wrongly-changed 
products  of  decomposition,  which  produce  a  gouty  State  of 
the  constitution.  Deficiency  of  the  fats  induces  defective 
nutrition  and  leanness;  while  excess  of  them  not  only 
tends  to  produce  obesity,but,  if  more  be  taken  than  can  be 
stored  or  consumed,  the  burden  of  disposing  of  the  excess 
falls  upon  the  liver,  which  may  itself  become  diseased  from 
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ovcr-Brtion,  or  its  Mcretions  be  thrown  into  the  fc 
ills'  risR  to  n  bitinus  coiulilinn  of  the  svstem. 
vicmoiiln  nrv  withholi),  softening,  or  deformity  of  the  ll 
or  ric^kcls,  is  the  li^gitimate  consequence.     If  the  supply  a 
frosh  veffctiiblp  ftxid  is  cut  off  for  a  lengthened  period,  i 
scorbutic  condition  of  body  is  produced.     Hence,  for  t 
^inwemtion  of  health,  mixed  food  Bud  a  various  well-b 
nnceil  diet  are  indispensable. 

In  the  case  of  infants  and  children,  where  food  s 
•erwB  the  double  purpose  of  inuintaintng  activity  ■ 
fcruwlh,  there  must  bo  extra  provision  in  the  diet  for  t 
devchipmeiit  nf  niiis<mhtT  and  bony  tissues.  Milk,  1 
a  litiuid,  by  its  abundance  of  salts  and  casein,  is  adapted  to 
this  cud.  But  too  fre<iueiitly,  after  weaning,  the  food  of 
cliildrcn  is  given  with  no  r(.^rcr<-nco  to  this  imponant  condi- 
tion, Sago,  tapioca,  arrow-root,  and  jeUies,  whidi  rank 
lowest  in  nutritive  value,  with  perhaps  other  Eubstanoes 
lesK  itbjeotionable,  but  still  inadetgualely  nourishing',  ore 
fivqut'ully  nmile  use  ef,  tu  the  £eri<.>us  injury  of  the  growii^ 
Ctoiivlitutiim. 

460.  SSteU  of  ft  Dtfideuer  of  Tu.— It  is  believed  that 
a  tack  of  t>hNigti)ous  t-lemeuls  in  diet  priKlispoeea  to  CMk- 
sumption.  The  iuiniediat«  rauae  of  this  disease,  aa  baa 
been  aln^ady  oli«errwl,  la  an  abortive  or  peiTcrt«d  no- 
Mtion,  tubetvle  bring  ptuducetl  instead  of  bealtky  Ha- 
sui\  The  Mv<b  of  consuntplion  are  mosl  gvneiallj  sown 
in  Ibe  system  id  ^^wth,  when  tbrre  is  a  dooble  dei—irf 
upow  UHlnlioa,  fer  coneM  wsstv  aad  stndf  gnwA. 
TV-w  is,  howevt*, 
aowvli  tie  sfwturM ; 

«nWOTtodK«wa>vw»«l  dis»aed  mmi  ■Isiiwiri 
Wm  UnaHa  as  tvMNbM    CbdCnr  <d  km  ow* 
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introduoed  this  oil  to  ttie  notice  of  the  public,  states  that 
butcLers,  cooks,  oilmen,  tanners,  and  others  who  are  con- 
Btnntly  coining  in  contact  with  fatty  matter,  are  lees  liable 
than  others  to  tubercular  disease;  and  Dr.  Simpson  bas 
obsen'ed  that  children  and  young  persona  employed  in 
wool-factories,  where  large  quantities  of  oil  are  daily  used, 
are  genera,lly  exempt  from  scrofula  and  pulmouary  con- 
sumption. Those  facts  would  indicate  that  even  the  ab- 
sorption of  fatly  matter  through  the  skin  may  power- 
fully influence  nutrition.  Dr.  Bennett  says  tbat,  to  pre- 
vent i»nsumpliun  during  youth,  indulgence  in  indigestible 
articles  of  food  should  be  avoided,  especially  pastry,  unripe 
fruit,  salted  provisions,  and  acid  drinks ;  while  the  habit 
of  eating  a  certain  quantity  of  fat  should  be  encouraged, 
and,  if  necessary,  made  imperative. 

Dr.  Carpenter  observes :  "  There  is  a  strong  tendency 
and  increusiiig  reason  to  believe  that  a  deficiency  of  olea- 
ginous matter,  in  a  state  fit  for  appropriating  by  tbe  nutri- 
tive processes,  is  a  fertile  source  of  diseased  actiou,  espc- 
oially  tbat  of  a  tuberculous  eharactf  r ;  end  that  the  habitual 
use  of  it  in  large  proportions  would  operate  favorably  in 
the  prevention  of  such  maladies,  as  cod-liver  oil  unquestion- 
ably does  in  their  cure." 

Dr.  Hooker,  in  a  report  on  tbe  diet  of  the  sick,  says : 
"  1.  Of  all  persons  between  the  ages  of  fifteen  and  twenty- 
two  years,  more  than  one-fiftli  eat  no  fat  meat ;  2.  That  of 
persons  at  the  age  of  forty-five,  all  except  less  than  one  in 
fifty  habitually  use  fat  meat;  3.  Of  those  wlio  have  ab> 
stained,  a  few  acquire  an  appetite  for  it,  and  live  to  a  good 
old  age,  while  the  great  proportion  die  of  consumption 
before  forty-five ;  4.  Of  persons  dying  of  consumption  be- 
tween the  ages  of  fifteen  and  forty-live,  nine-tenths,  at  least, 
have  never  used  fat  meat," 

461.  Unwbolesome  Foods, — Articles  of  food  diETer  in 
digestibility,  some  being  readily  dissolved  and  assimilated, 
while  others  are  changed  in  the  stomach  with  such  dil&  ^ 
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cnlty  as  to  irritate  and  injure  the  organ.     Animal  food  !a 
more  easily  digested  than  vegetable,  bh  it  represents  vege- 
table food  that  has  been  already  once   digested,  and  its 
insoluble  portions  separated.     But  tlic  chief  cause  of 
wholesomeness  in  foods  is  their  had  cnndition.     The  qt 
ties  which  render  them  easily  digestible  wilhiu  the  systei 
make   them    readily  changeable  without   it;    hence  th^ 
tendency  to  "  spoil,"  and  the  facility  of  injurious  culinary 
changes.     Bread,  sour  and  heavy  from  unskillful  working  of ' 
damaged  flour,butterrBncid  and  offensive, potatoes soddi 
and  meat  tainted  or  diseased,  are  examples  of  unnholi 
some  diet,  which  produce  disturbance  iu  the  system 
often  serious  disease.     Meat  that  has  entered  upon  decoi 
position,  or  the  flesh  of  diseased,  immature,  or  over-drivt 
animals,  is  unfit  for  use.     They  are  liable  to  produce  gast 
disturbance  and  diarrhtea,  or  they  maybe  actively  and 
geroiisly  poisonous, 

462.  Flesh  Farasitea, — The  disease  of  the  pig,  kno* 
as  "measles,"  is  due  to  little  parasitic  animals  which  infe 
the  flesh.  When  pork  is  thus  affected,  there  are  found 
scattered  through  the  areolar  or  connective  tissues  numer- 
ous opaque  or  whitish  points,  which  consist  of  httle  mem- 
branous bags,  or  lysts,  each  containing  a  small  embryonic 
animal,  known  as  the  Cy^icercua  cellulosta.  These  micro- 
scopic creatures  are  developed  from  the  eggs  of  the  com-, 
mon  tape-worm  {To>nia  solium). 

Dr,  Kuchenmeister  fed  a  number  of  cysticerci  to  a 
iiial  at  different  periods  before  bis  execution,  varying 
twelve  to  seventy-two  hours,  and,  upon  post-mortem  ex- 
amination of  the  body,  no  less  than  ten  young  tieata  were 
found  in  the  intestine,  four  of  which  could  lie  distinctly 
recognized  as  specimens  of  T(fnia  loUum  fDalton), 

The  cysticcrci  are  sometimes  found  in  the  organs  of  that 
human  body  as  well  as  in  those  of  the  lower  animals.  Th^ 
are  most  likely  to  be  met  with  in  the  voluntary  mui 
but  have  been  observed  in  the  tissue  of  the  heart, 
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pwhat  is  more  remarkable,  in  such  organs  as  the  pye  and 
brain.  Their  presence  in  the  mustrles  is  not  kuowQ  to  be 
harmful,  inasniuch  as  they  have  been  found  in  considerable 
numbers  in  the  muscular  tissues  of  individuals  who  were 
Bocidentally  killed  while  in  u  state  of  apparently  perfect 
\  health. 

The  Trichina  apIratU  ia  another  parasite  which  infesta 
I  the  iduscIbs  of  the  pig,  and  is  also  found  in  those  of  the 
I  Jiuman  subject.  A  muscle  contaiuing  tnchinie  appears  as 
t  if  thickly  beset  with  small  whitish  specks.  Encli  speck  is 
n  reality  a  cyst,  which  contains  a  single  trichina,  a  minute, 
I-Tcorm-Iike  animal,  coiled  up  in  a  spiral  form,  \\nien  stralght- 
I  ened  out,  it  measures  almut  ^Ih  of  an  inch  in  length,  and 
1  about  tJ-i'^  °^  ""*  '°*^^'  "*  diameter.  Like  the  cysticerci, 
(  these  animals  fmd  their  way  into  the  human  stomach,  and 
I  tiience,  by  means  of  the  circulation,  to  the  muscles,  where 
I  they  occasionally  exist  in  immense  numbers.  They  have 
I  been  discovered  in  the  muscles  of  persons  who  died  by 
'  accident,  and  were  otherwise  apparently  healthy;  aod  also, 
'  and  much  more  frequently,  in  subjects  who  have  died  from 
slow  and  debilitating  disease.  Within  u  few  years  past,  it 
has  been  determined  that  the  presence  of  these  parasites 

I  not  unfrequently  gives  rise  to  a  peculiar  disease,  which  has 
received  the  name  of  TrichiniaaU.  This  affection  is  said  to 
le  highly  febrile,  often  resembling  typhoid  or  even  tvphus 
£ever,  and  attended  with  excessive  pain  in  the  limbs,  and 
Gedema. 
In  selecting  meat,  if  the  lean  flesh  looks  speckled  or 
blotched,  it  should  he  suspected.  When  the  cysticerci  are 
In  great  numbers,  the  flesh  crackles  as  its  fibres  are  out 
across.  The  trichinie,  if  inclosed  within  cysts,  are  easily 
seen  with  the  naked  eye ;  but,  if  not,  the  microscope  alone 
detects  them.  They  may  be  effectually  destroyed  by  thoi^ 
ougb  cooking. 
l: 
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CLOTUISG     ASD     DEALTB. 

S&-nox  \.—Pr<jpfriiea  of  Clothuig  MtOeriaL 


I 


I  to  be  •afaacmd. — ^Tbe  prTnri{Mi  olgeel 
of  dotiitng  being  to  dcfei^  tbe  bodr  »guitst  the  efieo 
beat  and  coM,  it  is  obvious  tbat  tlie  qualities  best  w 
to  Ukcse  purposes  arc  what  we  are  to  seek  in  tbe  e 
of  fabrics  for  wearing  apparel  in  dificreot  seasons  and  eli- 
owteB,  ami  at  diflercul  limea.  Tbese  qualities  are  dtueAy 
connected  wttb  Ihe  relations  of  fabrics  to  heat  and  motst- 
un%  Tlio  body  is  coosCantJy  losing  beat  both  by  coodno- 
tiun  and  evaporation.  la  ixtid  weather,  the  object  is  to 
prevent  this  loss  as  far  as  possible ;  iu  warm  weather  it  is 
desirable  to  promote  it;  hence,  we  select  our  clothing' with 
a  view  to  tbese  different  purposes,  wearing  the  free  con- 
ductors and  ready  ubsorbcrs  in  summer,  and  tbe  non-con- 
ductora  and  sluw  absorbiirs  iu  winter.  As  far  as  is  con- 
sistent with  tbese  primnry  objects,  clothing  should  be  light, 
durable,  and  readily  cleansed.  It  should  also  be  of  sodi 
a  chamctcr  as  will  allow  the  free  escape  of  the  exhalft- 
tiuns  frotn  the  skin,  and  yet  not  be  readily  alisorbent  of 
moisture  from  without.  ImpenioHsncss  ia  a  very  objecy 
tionable  quality,  and  may,  by  retaining  the  cutaneous  ex- 
cretions in  contact  with  the  body,  load  to  serious  disease. 

464  Linen  as  an  Article  of  Clothing. — Tliis  is  a  good 
conductor,  and  thus  favors  tbe  escape  of  animal  lieat. 
is  also  a  rapid  absorber  of  moisture  from  tbe  surface  oCJ 
the  body,  and  readily  gives  it  off  aguin  by  CTHporation  t 
tbe  external  air.     For  this  reason,  it  produces  a  rapidly' 
Dooling  effect,    even   in   hot    weather,    and   is   thus  1 
adapted  for  summer  \xic.    It  should  not,  however,  i 
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any  circumstances,  be  worn  nejtt  the  skin,  as  it  not  only 
quickly  cooIh  the  surface  iUelf,  but  is  iucapiible  ot  pre- 
vecling  sud'len  chills  from  other  cjuises. 

465.  Cotton  Eu  an  Article  of  Clothing.— This  I?  n  jioorcr 
conductor  of  heat  tlmri  linen,  and  consequently  warnier.  Jt 
ia  likewise  less  absorbent  of  moisture,  and  is  therefore  pref- 
erable for  under-garments,  or  when  it  is  desirable  to  avoid 
the  cooling  action  produced  by  the  evaporation  of  moist- 
ure from  a  material  in  contact  with  the  bo<ly.  It  ranks 
next  to  linen  as  a  fabric  for  summer  wear,  being  a  much 
better  conductor  of  heat  and  absorber  of  moisture  than 
either  silk  or  wfKil. 

466.  Woolen  as  an  Article  of  Clotliiiig.— Woolen  fab- 
rics, owing  to  tlieir  coarseness  and  porosity,  are  capable  of 
detaining  withiu  their  meshes  considerable  amounts  of  air, 
and  this  makes  them  alow  conductors  of  heat.  It  is  upon 
tltia  property  of  imprisoning  oir  within  its  interstices  that 
the  warmth  of  clotliing  in  a  great  measure  depends.  The 
air  itself  is  an  excellent  non-conductor  of  heat,  and,  when 
materials  are  worn  which  have  the  power  of  entrapping  its 
particles,  the  body  ia  virtually  encased  in  a  garment  of  air, 
and  its  heat  thereby  prevented  from  escaping.  The  denser 
the  fibre  and  the  closer  the  texture,  the  less  air  there  will 
be  retained,  and,  hence,  the  cooler  the  clothing.  The  con- 
verse is  equally  true,  tboiigh  to  a  more  limited  extent.  In 
any  clothing,  if  warmth  is  the  object,  the  texture  must  be 
sufficiently  close  to  prevent  the  passage  of  currents,  but  up 
to  this  point  the  more  open  it  is,  the  better. 

Woolens  also  possess  a  great  capacity  for  moisture, 
though  they  take  it  up  and  give  it  out  very  slowly.  This 
ia  another  valuable  quality,  giving  them  great  advantages 
aa  articles  of  eirithing.  Everyone  may  have  noticed  how 
readily  linen  and  cotton  become  wet,  while  woolen  in  the 
same  length  of-time  is  scarcely  more  than  dampened.  The 
former  will  also  dry  rapidly,  while  woolen  parts  with  its 
moisture  at  a  much  slower  rate.     It  is,  therefore,  a  better 
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protection  against  wet  than  either  linen  or  cotton,  and 
much  warmer  while  wet,  aa  the  evaporation  from  ita  exter- 
nal Burface  is  not  nearly  so  rapid  as  from  the  surfacps  of 
Other  materials.     The  water  absorbed  by  different  fabrics 
penetrates  their  fibres,  and  is  also  held  between  them  in 
the  interstice*  of  the  cloth.     The  latter  can  be  wrung  out,   . 
and  is  called  water  of  interposition.     The  former  is  only  A 
got  rid  of  bj  evaporation,  and  is  termed  hygrogcopio  water.  I 
Woolen  greatly  exceeds  either  linen  or  cotton  iu  this  power  1 
of  bygroscopio  absorption,  taking  up  at  least  double  tie 
amount  of  water  in  proportion  to  its  weight,  and  quadruple 
in  projiortioii  to  its  surface, 

"This  property  is  a  most  important  one.     During  per>J 
spiratioii,  the  evaporation  from  the  surface  of  the  body  ii 
necessary  to  reduce  ilie  heat  which  is  generated  by  exM 
cise.     When  tlie  exertion  is  finished,  evaporation  still  goeftfl 
on,  often  to  such  an  extent  as  to  chill  the  frames     Whei 
dry  woolen  clothing  is  put  on  after  exertion,  the  vapova 
from  the  surface  of  the  body  is  condensed  in  the  wool,  audi 
gives  out  again  the  large  amount  of  heat  which  had  be*V 
come  latent  when  the  water  was  vaporized.     Therefore,  wfl 
woolen  covering,  from  this  cause  alone,  at  once  feels  wainkfl 
when  used  during  sweating.     In  the  case  of  cotton  andfl 
iinen,  the  perspiration  passes  through  and  evaporates  frodJ 
the  external  Rurf^ce  without  conileusation ;  the  loss  of  bei 
then  continues.    These  facts  make  it  plain  why  dry  wooleaf 
clothes  are  so  useful  after  exertion." — (Partes.) 

As  an  etjualizer  of  the  temperature  and  pnitector  of  tbt 
surface  against  sudden  chills,  wool  stands  at  the  head  of  J 
all  our  usual  wearing  fabrics,  and,  when  it  can  be  tolerate 
shouM  be  constantly  worn  next  the  skin. 

467.  Color  influences  the  relations  of  clothing  t 
heat,  thoiigh  it  does  not  aflect  it  in  regard  to  non-lumino» 
heat,  such  as  that  emitted  from  stoves.     Black  clothes  »!>■* 
sorb  heat  in  a  sunny  day  ;  while  white  clothes  reflect  more 
of  it.     The  power  of  absorption  decreases  as  the  Ebade 
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grows  lighter.  Thus,  black  absorbs  the  most,  blue  next, 
then  green,  yellow,  and  lastly  white.  Color  also  affects 
the  relations  of  cloth  to  moisture,  the  darker-colored  ma- 
terials absorbing  more  moisture  than  the  light  -  colored. 
Black  will  absorb  nearly  as  much  again  as  white. 

Sectiox  II. — Manner  of  dressing  the  Body, 

468.  Its  Importance. — Much  more  depends  upon  this 
than  upon  the  materials  used.  The  best  fabrics  improperly 
put  on  may  be  the  source  of  all  sorts  of  diseases,  while  the 
poorest,  if  used  with  judgment,  are  capable  of  conferring  a 
goodly  degree  of  comfort. 

469.  The  Clothing  should  be  light  —  All  garments 
should  be  as  light  as  is  consistent  with  the  main  objects 
for  which  they  are  worn.  Weight  does  not  necessarily 
imply  warmth,  and  it  often  becomes  a  source  of  excessive 
fatigue  and  discomfort.  Warmth  is  better  attained  by 
putting  on  several  layers  of  light,  loose-fitting  garments, 
than  fewer  layers  of  heavy  clothing.  As  before  stated,  it 
is  not  the  clothing  itself,  but  the  air  imprisoned  by  it, 
which  secures  warmth ;  and  the  air  is  not  only  held  within 
the  meshes  of  the  cloth,  but  a  stratum  is  retained  under- 
neath each  additional  layer  of  clothing.  It  is,  therefore, 
desirable  to  multiply  the  number  of  layers,  which  is  only 
possible  when  light  materials  are  used. 

470.  It  should  be  loose. — Every  one  knows  that  loose 
clothing  is  wanner  than  that  which  fits  the  body  closely, 
and  this  alone  should  be  sufficient  reason  for  adopting  it. 
But  tight-fitting  garments  are  in  other  respects  very  in- 
jurious. They  obstruct  the  circulation,  restrict  the  natu- 
ral motions  and  healthy  exercise  of  the  parts,  and  not 
unfrequently  produce  deformities  of  the  worst  character. 
Many  have  observed  the  effects  of  a  tight-fitting  head' 
dress  in  obstructing  the  flow  of  blood.  Constricting  the 
neck  is  even  worse.  The  great  veins  which  carry  the 
blood  from  the  head  back  to  the  heart  lie  very  superficially 
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la  Ik  Mci^  and,  wbeo  anr  Uvii^  liglit  is  wocb  aboot  lU« 
|Htrt,  tbeir  cnrrenta  are  ofaetructetl,  uul  Tenooa  congcatiaa 
of  tbe  bnun  resolti. 

471.  CiMiiiiMiM  «f  the  Chcft  and  AMaaea. — Jc  n, 
QuwMe,  of  the  groteat  iiuponacce  that  the  motioas  of 
ll)o  dicst  and  abdotnen  should  not  be  interfoed  with, 
Tltere  is  probablj  no  part  of  the  body  nlicTe  frcedunt  *tt 


actioQ  and  of  circulation  is  more  absolutely  required  I 
here.  At  tlie  junction  of  the  chest  with  the  t 
arc  located  the  lower  portions  of  the  lung?i,  the  i 
stomaeli,  liver,  etc.  Tliere  are  also  given  off  from  the 
aorta  at  this  point  several  liirge  vessels,  wtiich  eanr  blood 
to  the  a(lj:icent  viscera.  The  diaphnijrm,  ilie  moBt  ioipor- 
tant  muscle  engafjed  in  the  process  of  respiration,  is  Ulcfr  j 
nisc  found  in  this  immediate  vicinity.  Every  function  of 
the  body  calla  for  the  utmost  freedom  of  movement  in  thia 
important  re^on.     And  yet  it  is  the  almost  universal  pno 
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ttce  among  females  to  bind  dowu  tlicsc  parts  oftcD  to  half 
their  natural  dimensions.  Reference  to  Fig,  129  sbows 
lliis  to  be  one  of  the  roomiest  portions  of  tlie  body  when 
left  in  its  natural  condition. 

Fig.  130  shows  the  distortion  which  often  results  from 
compression.  This  deformity  is  not  the  worst  of  the  evils 
trhioh  follow  the  practice  of  compressing  lliese  parts.  The 
diaphragm  is  hampered  in  its  netioos,  and  the  process  of 
respiration  thus  directly  interfered  with.  The  lungs  and 
heart  arc  compressed,  and  the  stomach  and  liver  either 
forced  out  of  place,  or,  what  is  wnrsc,  squeezed  into  much 


ilimBlan. 


less  space  than  they  would  naturally  occupy.  The  portal 
circulatJon  is  thus  obstructed,  and  the  viscera,  like  the 
brain  in  the  former  case,  become  the  scat  of  venous  en- 
gorgement. 

It  is  hardly  necessary  to  add  that  the  troubles  induced 
by  this  state  of  things  are  of  the  moat  serious  character. 
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Diseases   of  ibe  liver,  drppepf^ia,  and   conamnpcuin^ 

amomr  its  I'/iritiiiiaU'  and  certain  njsulrs^  while  ijiiiiz' 
orders  c-f  a  less  defiuiu-  cliaracier  are,  no  'ii:iibc» 
to  ibe  same  efBcient  cau.se.  The  c-ompresai^o*.  wzusl 
applied,  as  it  usually  is,  £uds  the  bc<ies  c£  ciie  «mi£9C 
and  viel'lincr,  so  tliat  thev  n^adiir  crire  wav.  I£  3ie  soar- 
siri,:i  '11  is  c- mtinued.  as  it  is  iikelv  to  be,  for  Si;ar  at  "<ngn^ 
**l>aiiiT  i-f  I'-irn.,"*  thv  l»'»Des  as  ar*r  ailvoncTes*  Pmiffwi  mbmL 
e- Ci.:  rm  to  tbt-  uu^ieldinc  limiiaiicoa  wiiiujuc^  jmi  iiuft 
a-i?^*  jR»n:ian-:Tit  autl  iifi-lonp  deforciitj  of  die  (muss:  miL 
v\%:\;i:'.i'' i  rc'straiiri  of  iis  iTnjKirtJOi;  •■r^ans. 

472.  Compreiiiozi  of  the  Fed. — T:^  i^  a  ^Tommiin.  iru-* 
:  •  .  v'l.i  :\  o'Ai'ii  T:'>uh>  in  di?tcr:k<i  azui  is  ^"wtij^  il- 
?<-,i"..\l  wiih  iTTi'ui   ».*i><- iiiifurt.     Fir.  131  «£it:w^  :=ie   it^ 
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when  the  weight  of  the  body  is  resting  upon  iL  Tlic  up. 
[>er-Ieather  requires  to  bo  soft  and  yielding,  aod  not  so 
tight  as  to  pinch  the  foot  down  upon  the  sole.  Ihe  boot 
should  be  wide  in  front,  leaving  the  toes  perfect  freedom  of 
movetnent.  If  too  nurrow,  tliey  are  made  to  override  each 
other,  thus  producing'  ingrowing  toe-nails,  corns,  bunions, 
etc.  The  hoels  should  be  low  and  broad,  so  as  to  furnish 
a  ilrm  support.  High  heels  throw  the  feet  forward  toward 
the  points  of  the  boots,  and  tend  to  produce  flatteuing  of 
the  arch  of  tbo  foot. 

473.  Clothing  should  favoi  Vnifarmity  of  Temperature. 
— In  health,  all  jiarts  of  the  botly  have  an  average  tempera- 
ture of  about  9!)"  Fahr.,  and  this  is  regulated  and  main- 
tained by  the  circulation  of  the  blood.  This  uniformity  of 
temperature  throughout  the  body  ia  of  the  utmost  impor- 
tance, and,  as  it  is  controlled  through  the  circulation,  any 
thing  which  disturbs  this  should  be  carefully  avoided. 
Clothing  may  do  it  in  various  ways,  producing  local  results 
often  of  a  very  injurious  nature.  Compression  ohstructa 
the  flow  of  blood,  and  nt  the  same  time  forces  out  what 
the  part  already  contains.  It  thus  causes  paleness  of  the 
parts,  and  is  attended  wilh  an  immediate  lowering  of  the 
temperature.  Hence  the  cold  feet  and  hanls,  caused  by 
tight  boots  and  tight  gloves.  Ovet^lothing  particular 
points  leads  to  the  acciunulation  of  heat  and  consequent 
relaxation  of  the  vessels,  when  more  tlinn  the  normal  supply 
of  blood  flows  in,  and  congestion  results.  A  lack  of  clotli- 
ing,  by  affonling  insufficient  protection,  permits  the  rapid 
escape  of  heat,  and  thus  the  temperature  may  fall  below 
the  healthy  standard,  while  the  surface-blood  is  driven  in- 
ward, producing  congestion  of  the  internal  organs.  Both 
these  causes  of  disturbance  are  generally  operatitig;  while 
one  part  is  overheated  by  a  superabundance  of  clothing, 
another  part  may  at  the  same  time  be  suffering  from  cold. 
This  is  often  the  case  with  children,  who  may  be  seen  in 
cold  weather  loaded  with  clothing  about  the  cliest  and 
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neck,  while  the  legs  and  lowor  portions  of  the  trunk 
Lardly  more  tlian  tovored, 

474.  Distnrbanoe  of  Vascular  Farta. — Certnin  organs 
the  body  are  more  vasfular  ihaa  others ;  llint  is,  their  bU 
vessels  are  larger  and  more  Ditmerous,  and  the;  receive 
proportionately  larger  supply  of  blood.     The  throat,  I 
lungs,  the  liver,  and  kidneys,  are  exmnplce.     Owing 
tbeir  extreme  vascultirity,  these  organs  are  peculiarly  liubl 
to  become  tlie  seat  of  engorgement  if  overheated  by  clotlt- 
ing  or  othenvise,  especially  when  other  regions  are  at  the 
same  time  imperfectly  protected.     The  region  of  the  kid- 
neys is  oommonly  overdressed  by  the  lapping  at  this  poii 
of  tlie  garments  which  clothe  the  trunk  and  lower  extrcii 
ties.     In  this  way,  two  or  three  extra  thicknesses 
monly  obtained,  and  a  teniiency  is  thus  created  towarda 
the  accumulation  of  blood  In  these  importunt  organs. 

MulDing  the  throat  is  very  common,  particularly  among 
children,  and  it  is  often  remarked  that  those  who  vrap  it 
the  most  are  the  ones  who  suffer  most  froiu  its  disonlera. 
This  practice  is  perhaps  responsible  for  more  sore-tli routs, 
coughs,  and  i-xoupa,  thau  alt  other  causes  put  tugcthcr ;  and, 
when  such  overdressing  of  the  neck  is  supplemented,  as  it 
commonly  is  in  children,  by  short  dreeses  and  thinly-clad 
extremities,  the  conditions  are  most  complete  for  the 
durtion  of  all  sorls  of  lUroat  and  lung  affections. 

475.  FlaniLel  next  the  Sldn.  —  Uniformity  of  t«in; 
ture  is  greatly  promoted  by  constantly  wearing  next 
akin  some  non-cxinducting  material,  such  as  flannel  or  si 
This  prevents  sudden  chilling  of  the  surface,  whicli, 
variable  climate,  is  liable  to  take  place  at  any  time,  iinli 
specially  guarded  against.  Flannel  is  found  by  experieoi 
to  be  best  for  this  purpose ;  but,  in  those  cases  vhere 
irritates  the  skin,  cottoti-llnnnfl  or  silk  may  he  convenient 
substituted.  Linen  should  never  be  used,  llie  good  effc 
of  wearing  flannel  next  the  skin  the  year  round  are 
questionable.     Tn  both  cold  and  hot  climates  it  is  ~ 
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be  an  effident  safeg'uard  against  disctise;  aod  there  are  few 
who  cannot  soun  become  accustoniud  to  its  use 

476.  Clothing  of  Children,  —  Erroneous  notions  upon 
this  subject  leaii  to  wrong  practice,  which  is  followed  by 
the  most  ficmicious  consequences.  Many  eutertaiu  the  idea 
that  the  constitutions  of  children  may  be  hardened  by  ex- 
posure; but,  instead  of  any  such  vague  benefit,  specific  and 
positive  injuries  are  produced.  Clothhig,  diet,  and  healthy 
growth,  are  intimately  correlated.  Food  is  the  source  of 
all  bodily  function  and  power,  and  the  supply  of  force  from 
tilts  source  is  necessarily  limited.  Each  day's  bodily  caci^ 
cise,  each  day's  mental  exercise,  each  day's  waste,  repair, 
and  growth  of  all  the  organs,  and  the  de6nite  amount  of 
heat  required  to  maintain  the  system  at  99°  during  the 
twenty-four  hours — each  and  all  are  at  the  expense  of  the 
food  daily  digested,  and  any  overtaxing  in  one  directioa 
involves  corresponding  deficiencies  in  others.  If  the  body 
is  insufficiently  clothed,  there  is  extra  loss  of  power  tlirough 
wasts  of  heat,  and  a  necessary  reaction  upon  the  constitu- 
tion. The  waste  of  Jieat  entails  a  lowering  of  vital  pro- 
cesses, and  body  and  brain  fail  to  reach  a  vigorous  devel- 
opment. Thus,  the  naked  legs  and  arms  of  children,  which 
so  please  the  vanity  of  silly  mothers,  are  at  the  cost  of  their 
perfected  constitutions. 

477.  Clothing  in  Advanced  Age,— As  the  bodily  func- 
tions decline  in  vigor  with  advancing  life,  the  protecting 
influence  of  clothing  becomes  more  necessary.  The  incapa- 
bility of  the  aged  to  resist  culd  is  well  known,  and  fatal 
consequences  frequently  follow  from  persisting  in  old  habits, 
and  neglecting  the  indications  of  Nature  for  increased 
warmth  and  abundance  of  appnreL 
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CHAPTER   XIX. 

BSKBOISE    AND     HEALTH. 

Section  I. — Labor  aiul  Ej^trclte, 

478.  Man  intended  for  Action. — Aiiatiimy  and  Pbj-si- 
ology  nlike  procltiitu  tbat  the  purpose  uC  tlie  liuinan  oon* 
Etitution  is  activity.  TLe  proviBiuu  for  varit-tl  and  complex 
movement  is  seeo  iu  tbe  jointed  skeleton,  ihe  contractile 
muscles,  the  oontrolliiig  nerves,  and  llie  power-supplying 
itppanitiia  of  digestion  and  circulutiun,  Tiius  the  whole 
ecouomy  of  the  orgunism  testifies  that  its  end  is  action. 
Moreover,  the  circumstuDccs  of  life  involve  the  necemitjf, 
of  action.  Eflbrt  must  be  put  forth  for  the  maintenaaofli 
of  existence,  nnd  for  the  gmlilication  of  the  various  fucuW] 
ties  of  our  niitun?. 

479.  Labor, — This  great  end  of  our  being  finds  its  legiti" 
mate  and  natural  esprobsion  in  labor,  wbicb  is  human  actioa.{ 
applied  to  various  maleriuls  and  objects,  for  tbe  attainmesi. 
of  Botne  productive  or  useful  result.  The  necessity  of  laboin 
is  thus  doubly  provided  for  in  the  construction  of  tbe  humas 
fabric  and  the  order  of  external  Nature,  and,  when  performed 
with  due  regard  to  the  laws  and  rights  of  our  being,  it  is 
in  every  respect  a  benedt  and  a  blessiog.  But,  when  pur- 
sued to  excess,  as  has  unhappily  been  too  common  in  th9> 
past  history  of  ronnkind,  it  is  perverted  into  degradi 
drudgery,  and  then  becomes  a  curse. 

As  skillful  and  effective  labor  involves  intelligence,  til 
anil  thought  are  needed  to  secure  aptness  in  its  perft 
ance,  and  the  namiwer  the  range  of  effort,  the  greater 
the  facility  attained.  This  restricts  the  individual  to  s] 
cifio  pursuits,  and  gives  rise  to  that  dirersified  system 
division  of  lab«r  which  has  grown  to  such  vast  oomplezi 
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in  raoderD  society,  TLe  tendency  of  tliis  Bystem  is  to  cull 
into  intense  exercise  a  portion — perhiips  but  a  small  poi^ 
tion — of  tbe  activity  of  tbe  individual,  and  to  leave  tlie  re- 
mainder of  Ilia  powers  unused.  In  miiny  vocations  tlie 
bands  only  are  broug'ht  into  requisition,  while  the  body  is 
unexercised ;  in  others,  the  muscular  system  alone  is  in- 
volved, while  the  brain  remains  unoccujiied  ;  in  other  cases 
the  brain  is  active  and  the  body  at  rest,  or  perhaps  a  poi^ 
tion  only  of  the  brain  is  exerted,  as  in  numerical  computa- 
tion and  imtnagiiig  a<-couiit3. 

480.  ExerciBB, — T iius  tho  tendency  of  modem  life  is  to 
o^-erwork  a  narrow  pi)rtion  of  the  human  constitution  and 
underwork  the  remainder,  so  that  a  large  part  of  it  is  not 
called  into  tlie  activity  for  which  it  was  designed,  and 
which  is  necessary  to  health.  There  are  few  persons  whose 
habitual  activities  are  so  complete  that  they  do  not  require 
to  be  supplemented  by  various  artificial  exertions,  while 
this  need  is  still  more  imperative  with  those  of  sedentary 
Iiablts  and  the  classes  of  leisure.  To  meet  these  various 
emergencies,  and  give  to  tbe  unused  portions  of  tlie  human 
system  their  requisite  action,  is  tbe  object  of  «rem«e. 

Section  lL~I^eets  of  Jieffulated  Exercise, 

481.  TraiiBfonnatioii  of  Phydolt^cal  Forces. — All  those 
vital  processes  wliidi  arc  esseuiial  In  life,  as  digestion,  cir- 
culation, respiration,  secretion,  are  carried  on  independently 
of  the  will,  and  give  rise  to  a  large  and  constant  amount 
of  activity  in  the  system.  But  labor  and  exercise  are  per- 
formed by  calling  into  action  an  addilional  system  of  agen- 
cies— those  of  the  voluntaiy  muscles — and,  to  mainlain 
these  in  a  state  of  activity,  involves  an  extra  requisition 
upon  the  various  involuntary  organs.  As  the  materials  of 
the  body  are  derived  from  tbe  substance  of  the  food,  so  all 
vital  power  is  derived  from  the  fiirce  stored  up  in  the  food. 
Organic  matter  is  in  a  slate  of  molocnlar  tension,  and,  when 
decomposed,  these  tensions  are  given  out  in  tbe  form  of 
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physical  forces.  Food  ia  organic  matter,  suited  to  undi 
go  assimiiation,  and  then  to  give  out  it^  molecular  tensii 
in  various  forms,  as  aDioial  heat,  muscular  power.  It  td^i 
lows  that  iu  work,  or  exercise,  the  voluntiiry  muscular  sj»- 
tcm  draws  upon  the  involuntary  functions  for  its  supply  of 
energy ;  and  hcnoe,  iu  proportion  to  the  foroe  expended,  is 
the  penerul  exaltation  of  the  vital  processes, 

4B2.  EzerciBs,  Waste,  and  Sepaii. — Bodily  exertion 
increases  atomic  changes,  and  (juickens  tliat  metamorphi 
sis  of  tissue  in  which  healtli  eaaentially  consistB. 
is  at  the  expense  of  waste;    waste   involves  repair, 
these  augmented  processes  call  into  higher  action  the  wli 
apparatus  of  supply  and  excretion,     Hahitual  exercise 
thus  the  cause  and  condition  of  that  vital  renovation  of 
parts  which  is  the  source  and  measure  of  constitutional 
vigor. 

4S3.  Effect  upan  ths  Circolation. — As  the  circulAtii 
ministci-s  immediately  to  all  the  functions,  its  energy 
and  falls  with  their  activity.  Exercise  iuureases  the 
ini.-als  of  the  heart  iu  both  force  and  frequency,  and  occelf 
utc^s  the  flow  of  blood  through  all  parts  of  the  body, 
circulation  is  also  aided  by  the  contractions  of  the  voli 
tiiry  muscles,  which,  by  pressing  upon  the  walls  of  the  veins, 
tend  to  force  along  the  current  of  blood.  Moreover,  this 
increased  activity  of  the  circulation  meets  the 
demand  of  the  muscles  for  new  material,  to  renew  the 
tegrated  structures;  and  it  also  effects  the  speedy  remi 
of  all  waste  products,  by  rapidly  transferring  tliem  to 
proper  eliminating  organs.  Thua,  the  comph 
from  which  nutritive  materials  are  constantly  drawn, 
into  which  waste  matters  are  constantly  poured,  ia  direol 
affected,  both  in  its  composition  and  rate  of  movement,  by 
llie  slate  of  action  of  the  voluntary  muscles. 

Exercise  also,  it  is  well  known,  increases  the  prodi 
lion  of  heat.     It  is  through  the  increased  activity  of 
circulation  that  the  body  is  warmed  by  exercise.     Thifl 
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the  reason  why  walking'  is  so  ctTectuEkl  ia  warmiag  the  feet, 
and  why  exertion  of  any  kind  raises  tbe  temperature  of  the 
parte  emfdoyecL 

4B4.  Effect  apon  Bespiratioa. — Circulation  ami  respira- 
tion are  acccleratcil  together  by  exercise,  as  whatever  quick- 
ens the  pulse  hastens  the  brealliing.  It  being  the  office  of 
respiration  to  furnish  the  prime  mover  of  vital  changes — 
oxygen — and  to  rid  the  systeni  of  the  chief  product  of  such 
change — carbonic  acid — this  process  is  doubly  subservient 
to  tbe  great  dynamic  objects  of  the  organism.  It  follows 
that  a  fundamental  condition  of  exercise  is  unimpeded  res- 
piration. If  the  pulmonary  ciroulation  and  the  elimination 
of  carbon  are  in  any  way  interfered  with,  the  power  of  con- 
tinued exertion  rapidly  declines.  As  thus  muscular  move- 
ment depends  immediately  upon  the  excretion  of  carbonic 
acid  from  the  system,  and  as  this,  in  turn,  depends  apon 
the  state  of  the  air  itself,  we  see  that  an  impure  atmos- 
phere is  unfavorable  to  vigorous  and  healthful  exercise. 
This  explains  the  hissitudc  and  indisposition  to  effort  in 
uuventilated  houses,  workshops,  and  factories.  Exercise 
should,  therefore,  as  much  as  possible,  be  carried  on  in 
the  open  air,  or  in  places  which  admit  of  tlio  freest  venti- 
lation. 

485.  Effects  iipo&  Digestion. — As  power  comes  from  food 
in  the  case  of  the  living  machine,  increased  expenditure  of 
power,  of  course,  implies  increased  consumption  of  food  ; 
hence,  exercise  sharpens  the  appetite.  In  those  who  in- 
dulge in  active  and  regular  exercise,  digestion  is  effected 
with  greater  ease,  and  the  process  is  more  rapidly  and  more 
thoroughly  completed  thnn  in  those  of  inactive  habits.  In 
many  cases,  where  the  digestive  function  has  become  im- 
paired, either  from  habitual  inactivity  or  a  too  close  appli- 
cation of  (he  mind,  relief  can  easily  come  through  system- 
atic and  judicious  exercise.  Immediate  exertion  after  a  full 
meal  is  injurious,  for  several  reasons.  The  distended  con- 
dition of  the  stomach  interferes  with  the  free  movement  of 
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the  diaphngai  tad  Wait,  and  tfaos  both  respinUiOD  nd 
oRuhtian  kre  medtanioUlT  uBpedMl,  while  the  dncnioo 
and  ncxToas  fixre  to  the  moscJes  witbdram  titna 
digettive  o^gaas  ami  huulen  their  fmictionL 
Bflbat  qiB  Oa  Uxb. — With  exenise,  the  skin  he- 
iiedder  aad  hoUer,  &«n  the  incteased  amoant  of 
blood  H  reeeires.  Dnrin^  exertka,  beat  is  rapidly  devel- 
oped withiD  the  body,  but  its  accntnulalion  is  prereoted  b^ 
the  escape  of  water  throagb  tbe  skin.  No  amouBt  of  exter- 
nal ooUl  is  able  to  prevent  this  (nitvard  pafsagc  of  flnkt, 
tbough  it  may  sligbtljr  hinder  eT^poraticA.  There  is,  there- 
lore,  little  danger  of  chill  during  active  exercise ;  but,  wbco 
exertion  b  over,  there  is  great  danger  of  it,  for  the  heat  of 
tbe  body  rapidly  declines,  while  evaporation  continues, 
which  still  more  reduces  tbe  temperature.  During  exer- 
tion, the  skin  mnj'  be  exposed  without  danger ;  but,  during 
tlie  intervals  of  rest,  it  should  be  covered  siiiEciently  to 
prevent  tbe  least  feeling  of  coolness  of  tbe  Eurfacc. 

4B7.  Exercise  ibonld  be  regular. — Like  eating  and  sleep- 
ing, exercise  eliould  become  a  rcgnilar  and  persistent  daily 
habit.  It  is  an  imperative  necessity  of  the  system,  and,  as 
sn  element  of  personal  hygiene,  b  iu dispensable.  If  it  be 
resorted  to  in  any  form  of  bodily  training,  as  in  military 
drill,  rowing,  or  other  athletic  effort,  it  is  found  that  tbe 
periods  of  exertion  must  not  Ije  less  than  half  an  hour,  in 
order  to  tiike  hold  oE,  the  systeni,  and  protluce  the  positive 
effect  of  bodily  disoipliae. 

488.  The  Mind  in  Exercise. — Exercise,  or  simple  muscu^ 
lar  movement,  whatever  may  be  its  value  for  health,  has  in 
itself  very  few  ntlraetions,  and  will  be  aioided  rather  tliait 
prnctisod,  imh'ss  there  is  connected  with  it  something  capa- 
ble of  calling  Iho  mind  into  pleasurable  activity.  When 
taken  merely  fmm  a  sense  of  duty,  or  "  because  tbe  health 
n?quires  it."  exercise  becomes  a  drag  end  a  bore,  without 
wgor  and  of  Hltlc  benefit  ^Tien,  however,  it  can  be  made 
thp  means  of  enjoyment,  by  associating  with  it  something 


EXCESSIVE   AND   INSUFFICIENT  EXERCISE.  425 

a^eeable  and  eiliJlarating,  it  becomes  at  once  spontaneous, 
vigorous,  and  hearty,  and  its  value  to  the  health,  both  of 
mind  and  body,  is  in  a  great  degrpe  incrensetl. 

Sbctio:*  III,— ^cccva/dc  and  Jnsi^cieid  Exercise. 

489.  Efibotl  of  Overexertion, — With  the  proper  amount 
of  exercise,  the  muscles  increase  in  size,  hardness,  and 
elastic  rigur,  untO  the  equilibrium  of  waste  and  repair  is 
carried  to  its  highest  point.  Esercise  ia  at  the  expeuse  of 
the  part  in  action ;  in  vigorous  exertion,  decomposition 
prevails  over  renewal.  The  muscles  can  bear  this  for  a 
certaiD  length  of  time,  and  then  demand  rest,  in  which 
repair  prevails  over  waste,  and  restores  the  balance.  If 
exertion  be  pushed  still  further,  the  equilibrium  is  lost ; 
destructive  changes  prevail  over  reparative,  and  the  musde 
begins  to  degenerate  and  lose  power.  Prolonged  exertion, 
without  sufErient  rest,  impairs  nutrition,  and  renders  the 
muscular  fibres  soft  and  flabby.  Nature  thus  provides  for 
the  rhythm  of  activity  and  repose.  The  involuntary  mus- 
cles, as  we  have  seen — those  of  the  heart  and  chest — act  in 
this  intermitting  way,  and  are  thus  kept  up  to  a  oonetant 
state  of  vigor.  The  law  is  equally  imperative  for  the 
voluntary  muscles,  and  the  proper  rest  is  to  be  secured 
either  by  ceasing  from  activity,  or  by  calling  different  sets 
of  muscles  into  alternate  exercise. 

When  the  muaclea  are  weak,  repair  goes  on  more 
slowly  than  when  they  are  "  in  condition,"  Hence,  in  any 
effort  at  acquiring  strength  by  exercise,  cither  after  sick- 
ness or  prolonged  sedentary  occupation,  the  exercise  should 
at  first  be  very  light,  and  of  abort  duration,  with  long 
intervals  of  rest.  As  the  strength  slowlv  increases,  the 
exercise  may  lie  increased,  hut  exhaustion  in  all  such  cases 
is  to  be  carefully  avoided. 

Excessive  exercise  often  produces  palpitation,  and  some- 
times hypertrophy  and  valvular  disease  of  the  heart.  Dur- 
ing exertion,  if  the  heart  ia  not  oppressed,  its  movemenle, 
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thougb  rapid  and  forcible,  are  regular  and  equal ;  but  when 
it  becuracs  ecibairassed,  the  pulse- beats  are  quick,  unequal, 
and  at  last  become  irregular,  indicating  injurj  to  the  organ. 
All  great  or  sudden  efibrl^  should  be  avoideil,  as  thej  uol 
only  affect  injuriously  the  muscular  system,  by  direct  ovei- 
stmin,  but  it  is  at  such  times  that  blood-vessels  are  ruptured, 
and  tliat  the  iralls  of  important  cavities  give  way. 

liest  after  exertion  is  one  of  the  indispeosable  condi- 
tions of  hoolth.  Work  or  exercise  carried  habitually  to  die 
length  of  exhaustion,  by  lowering  the  bodily  vigor  and  de- 
pressing the  powers  of  the  constitution,  nut  only  diminisbes 
resistance  to  the  encroachments  of  disease,  but  greatly  re- 
duces the  ciipahihly  of  recovery  in  oases  of  eickneso. 
Particularly  in  childhood,  when  the  bones  are  yet  incom- 
pletely ossified,  and  the  muscles  undeveloped,  excessive  < 
labor  or  exertion  is  liable  to  entail  permanent  injury.  If 
persisted  in,  arrested  development  of  either  body  or  mind  ' 
can  hardly  fail  to  result.  From  the  age  of  fifteen  to  twenty*] 
five,  although  full  growth  may  have  been  reached,  the) 
powers  of  endurance  have  not  attained  their  maximum,  andJ 
all  exhausting  tasks  reituire  to  be  avoided.  Young  soldietfj 
break  down  under  the  tolls  and  privations  of  the  campj 
sooner  than  mature  men.  This  is  also  true  in  civil  liffl^  j 
where  the  young  and  immature  arc  culled  ui>on  to  matcb'^ 
their  powers  with  those  in  the  maturity  of  manhood ;  audi 
the  remark  is  equally  applicable  to  the  female,  underl 
the  spur  of  competition  with  the  male  sex.  The  00ii8fl*j 
quences  arc  seen  in  broken-down  constitutions  and  preniM 
ture  decay.  i 

490.  Effects  of  Insufficient  Exercise, — Inanion  ooDtr»>j 
vc-nes  the  supreme  design  of  the  human  constitution,  a&U 
is  therefore  adverse  to  it-s  health.  As  bodily  vigor  resnltM 
only  from  active  and  well-regulated  exercise,  the  abeenoH 
of  such  exen-isc  must  entail  bodily  debility.  As  exertJ<m 
favors  nutrition  and  tlie  healthy  development  of  aotirfl 
parts,  inaction  impairs  nutrition,  reduces  the  size  of  tha 
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muscles,  8D[t  gives  rise  to  feebleaesa.  The  amount  of  in- 
jury  in  the  case  may,  however,  depend  much  upon  accom- 
panying circumatuDces.  If  absliuence  from  exercise  be 
attended  by  ahstinence  in  diet,  there  will  still  be  loss  of 
power,  low  vitality,  and  diminished  resistance  to  morbific 
influences  ;  the  evils  will  be  rather  of  a  negative  chamcter. 
But,  if  deficient  exercise  be  accompanied  by  a  free  indul- 
gence of  the  appetite,  perverted  nutrition  and  positive  dis- 
ease will  be  the  necessary  consequence.  Nutritive  mate- 
rials that  would  be  reduced  and  excreted  through  bodily 
exertion,  accumulate  iu  the  system,  clogging  it«  mo^'e- 
meots,  deranging  its  functions,  and  deteriorating  ha  struct- 
ures. Not  only  is  there  an  abnormal  accumulation  of  fat, 
amounting  to  actual  disease,  but  a  disturbance  of  the  nutri- 
tive forces,  that  undermines  the  heallhy  structure  of  the 
tissues.  Nor  is  this  muscular  deterioration  limited  merely 
to  the  parts  that  arc  unused;  the  involuntary  mechanism 
becomes  implicated.  Deficiency  of  exercise  often  leads  to 
fatty  degeneration  of  the  heart,  with  loss  of  power  ar.d 
demngement  of  the  circulation.  In  short,  as  vigorous  and 
systematic  exercise  is  a  prime  condition  of  the  general 
health,  so  the  want  of  it  favors  the  npproaoh  of  disease, 
which  may  take  many  forma,  according  to  the  circumstances 
of  the  constitution. 

491.  Amount  and  Conditions  of  Ezeroise. — As  to  the 
amount  of  exercise  necessary  to  meet  the  rctjuircmenis  of 
the  healthy  individual,  no  precise  rules  can  be  given ;  the 
quantitv  will  vary  with  many  circumstances.  Persons  of 
sedentary  habits  would  be  serioualy  injured  by  attempting 
to  perform  an  amount  of  work  which,  to  others  of  a  more 
active  turn,  would  hardly  exceed  the  bounds  of  recreation. 
Tlie  inmate  of  the  workshop  or  faclory  would  be  speedily 
exhausted  by  the  ru-diiiary  tasks  of  the  out-door  laborer. 
In  any  given  case,  the  amount  of  exercise  should  be  deter- 
mined and  regulated  by  the  state  of  theconstilulion.  lliat 
exercise  is  deficient  which  does  not  engiige  the  vigorous 


4S8 


ELEMEKTART  htgieke. 


■fltioa  of  the  chief  nnecks  of  tite  system  for  a  ooosiden- 
ble  period  «ach  6^t  ;  »od  that  too  great  which,  pasuog 
bejrood  the  poiiit  of  simple  &tigue,  is  prolonged  to  the 
period  of  eihauation. 

Tlie  sedeotarr,  if  tlier  would  acquire  strength,  must 
begin  with  light  exertiou,  limited  lo  short  periods,  and 
lake  ample  time  for  rest  Nothing  b  more  errotieous,  and, 
if  carried  into  practice,  more  injurious,  than  the  notion  that 
great  exertion  Kill  aogmeDt  tlie  strength  of  those  unaccua- 
tomed  to  active  exercise.  The  growth  of  muscle,  in  both 
substance  and  power,  b  a  gradual  process,  and  one  that  is 
retarded  rather  tlian  hastened  bj  overwork.  If  exhaustion 
or  restlessness  follows  exercise,  we  may  be  certain  that  it 
has  been  overdone,  sod  will  be  productive  of  weakness 
rather  than  strength. 

As  has  been  stated  in  a  previous  chapter,  an  abundaat ' 
supply  of  pure  air  is  at  all  times  a  vital  oeccssilvof  health; 
but  the  demands  of  the  syslem  in  this  respect  are  greatly 
increased  during  active  muscular  exertiou.  As  the  dimir 
nution  of  waste  products  is  a  result  of  oxidation,  it  ia 
hindered  by  breathing  an  impure  atmosphere.  For  this 
further  reason,  open-air  exercise  is  much  superior,  as  a 
health-promoting  agent,  to  that  carried  on  within  the  walls 
of  a  gymnasium  or  other  confined  area. 

492.  Remedial  Inflaence  of  Ezerciie,-^ir  exercise  is  an 
cssctitinl  coudilion  of  bcahli,  and  the  want  of  it  a  fruiUul 
source  of  disease,  it  is  obvious  that  only  by  the  rcSstabliHh- 
ment  of  the  ue«ded  exorcise  can  health  be  regiiined.  But 
in  many  cases  the  diseases  induced  make  tlie  required 
effort  either  impossible  or  very  difficult.  What  is  Imown 
AS  the  tnovemenl-cure  is  a  kind  of  dmamic  treatment}  in 
which  the  patient  is  subjected  by  the  physician  to  various 
kinds  of  artificial  exercise.  In  manv  cases  of  local  weak' 
iiess  and  partial  paralysis,  by  the  help  of  skillfully-oon- 
filructeJ  mechanical  contrivances,  these  parts  are  gradoaUy 
brought  into  action,  and  healthy  power  slonly  iscontvit^ 
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I  The  prindple  in  tliis  case  is  valuable,  and,  important  as  a 
1  B^noy,  its  etnptojnient  has  accomplished  much 
\f  md  more  is  to  be  espcctcd  from  its  further  develop- 
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Section  I. — Jldatlona  of  Mind  and  Body. 

493.  Mental  Health  a  Physiological  Question.— Thus 
far  we  have  confined  attention  mainly  to  the  inlluenccs 
which  act  on  the  bodily  henllh,  but  the  principles  of 
hy^enehave  a  still  higher  n|iplication.  The  mind  has  its 
stales  of  health  and  vigor,  of  debility  aDil  disease,  Uke  the 
body,  and  these  states  are  influenced  by  definite  causes  in 
the  former  case  as  well  as  in  the  latter.  Mental  philosophy, 
as  comraonlv  understood,  explains  to  us  the  operations  of 
thought  and  feeling  as  we  discover  them  in  the  working 
of  our  own  minds,  and  takes  little  account  of  the  part 
played  by  the  corporeal  system  in  llie  control  of  these 
processes.  But,  if  we  would  understand  the  conditions  of 
mental  health,  and  the  nature  and  causes  of  mental  impair- 
ment, the  iHxly  must  at  once  be  taken  into  account.  The 
study  of  mental  phenomena  In  their  corporeal  relations  thus 
becomes  the  business  of  the  physiologist.  lie  sees  that 
mind  is  not  only  intimately  dependent  ujwn  the  body,  but 
that  the  two  have  close  and  powerful  reactions ;  states  of 
body  determining  conditions  of  mind,  and  states  of  mind 
influencing  conditions  of  body.  Nature  presents  the  prob- 
lem, not  of  mind  separate,  but  of  mind  and  body  bound  up 
in  a  living  unity,  and  the  physiologist  must  take  tlie  ques- 
tion as  he  finds  it. 

494.  The  Brain  and  the  Mind. — It  is  now  universally 
admitted  that  the  brain  ia  the  grand  nervous  centre  of 
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thought  and  feeling — the  material  iDstniment  of  the  mind, 
nod  tlint  nil  mental  actions  arc  accompanied  and  con- 
ditioned by  physiological  actions.  From  the  high  oom- 
plexiiy  of  composition  of  nervous  mailer,  it  ia  oxtreineljr  J 
unstable  and  prone  to  change.  Tlie  brain  is  therefore  not  I 
ouIt,  Uke  all  other  parts  of  the  body,  subject  to  the  double  1 
metamorphosis  of  traste  and  repair,  but  the  tranfifonnS' 
tions  take  place  in  this  organ  with  more  rapidity  tfaaa  in 
any  other  part  of  the  system.  Upon  these  changes  the 
mental  operations  are  ritally  dependent,  and,  if  in  any  way 
they  are  interfered  with,  there  is  disturbance  of  the  intel- 
lectual processes.  If  ibe  cerebral  circulation  is  lowered, 
mental  activity  is  diminished;  if  accelerated,  the  Hund'e 
Mlioo  is  citahed.  Various  fort^ign  substances  introduced 
ittto  Ibe  Ux>d«tn.-aai  alter  the  couree  of  thougfat,  sowe 
afecdng  It  uue  way  and  Gume  aootber,  but  each,  tbraogfa 
ita  sptKifie  Mtioa,  prodacing  cbaract«nstie  psydologinl 
eBeeti,  InttamiDation  of  the  brain  induces  deliiiim^  wUle 
diCsKOl  diSMse*  of  the  organ,  or  perrersoas  of  the  blood 
ciienkliBg  through  it,  give  rise  to  nrioos  fonnsofnMuitj. 
It  ia  important  to  note,  sot  only  that  niad  and  bodjr 
are  both  governed  by  bw«,  but  that  ibey  are  to  a  great 
extent  goteraed  br  the  *raM  laws.  Wfaaterer  imfsorea 
Ibc  pby«k«l  qualities  of  the  brmin,  improrea  also  the  mind; 
whatever  (fetaracabcs  the  brain,  impMrs  the  Bni    Tbej 


ffigar,  eifadtj,  aad  pow,  br  fj  Jilcantk-  aad  jadkaw  w 
•MM^  mid  ate  alike  iajofcd  by  defaaea*  er  eaamiv^  cf- 
brt.  1W  brain  >a  rilwinirii  bv  ihwtiafe  a*  BMch  as  the 
NMadn  bj  aetini^  and,  GkB  th*  utateij  ■iinlii,it  le- 
qawm  ttaMfor  Ae  (WtosabM  ef  ngar  tfcao^h  natiiliiu 
repute    As  Ihw  Ae  raind  is  depettdnt  ^M  the  oaadl- 
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496.  Kestal  Health  and  Disease.  —  Tbe  observations 
mode  in  regard  to  tlio  true  nature  of  diseujie  (368, 3C9) — thai 
it  is  notliing  more  thiiM  perverted  physiological  action — 
need  to  be  here  re|>eated  with  empUusis.  Those  who  ha- 
bitually think  of  the  miud  iis  a  separate  entily  merely  co- 
existing in  some  vague  way  with  the  body,  will  naturally 
look  upon  mental  derangementB  as  disorders  of  this  entity 
— diseases  of  an  abstraction.  But  this  view  has  proved 
misleading  and  injurious  in  the  extreme.  So  long  us  mala- 
dies of  the  mind  were  regarded  as  demoniac  possessions, 
or  as  "  fermentations  tiking  place  in  a  spiritual  essence," 
ftU  rational  'causality  waa  excluded,  and  tbe  arts  of  relief 
ftnd  prevention  were  impossible.  When,  however,  it  be- 
came established  that  mind  depends  upon  deGuite  physio- 
logical  conditions,  there  was  no  escape  from  the  conclusion 
that  physiological  perversions  are  causes  of  mental  de- 
rangement. "  Fair  weather  and  foul  equally  depend  upon 
the  laws  of  meteorology ;  health  and  disease  equallv  de- 
pend upon  the  laws  of  animal  life."  As  mental  health  is 
dependent  upon  the  due  nutrition,  stimulation,  and  repose 
of  the  brain,  mental  disease  is  to  be  regarded  as  resulting 
from  the  interruption  or  disturbance  of  those  conditions. 

In  showing  that  mental  weakness  is  a  concomitant  of 
bodily  dcbilty,  and  mental  aberration  a  consequence  of 
bodily  disorder,  the  physiologist  lays  tbe  sure  foundations 
of  a  practical  Menial  Hygiene,  the  province  of  which  is,  to 
consider  the  various  causes  which  disturb  the  harmony  and 
impair  the  vigor  of  mental  actions.  Taking  note  of  tho 
multiplied  forms  and  degrees  of  disturbance  and  degeneracy 
to  which  the  mental  nature  of  man  is  subject,  it  traces  them 
to  their  numerous  causes,  and  discloses  the  extent  to  which 
they  are  avoidable.  As  bodily  and  mental  health  depenr] 
to  a  great  degree  upon  the  same  conditions,  all  that  has 
been  said  in  the  foregoing  chapters  concerning  the  sanitary 
influences  which  affect  the  corporeal  system  has  likewise 
its  bearing  upon  health  of  mind.     But  the  mental  aspects 
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of  the  subject  are  so  generally  overlooked  ns  to  demi 
special  consideration. 

Section  II. —  Causes  of  Mental  Iinpairment. 
496.  Insanity  the  Result  of  Concorring  loflaenceB. — Aa. 
llie  organ  of  the  mind  is  the  most  delicate  and  complex  of 
all  parts  of  the  living  system,  while  its  mBnifestations  are 
so  varied  as  to  comprehend  the  whole  circle  of  humaa 
thought  and  feeling«<,  it  is  natural  to  suppose  that  the 
causes  of  cerebral  impairment  wi!l  be  varied  and  compli 
in  an  equal  degree.  These  causes  are  usually  regarded 
twofold,  moral  and  physicaL  The  former  are  those  ivhi< 
take  effect  through  the  mind,  as  anxiety,  over-study, 
reverses  of  fortune  ;  the  latter  arc  those  which  act  direol 
upon  the  physical  system  without  the  interveation  of 
mind,  as  blood-poisoning  bj  fever  or  narcotics,  or  an 
jury  to  the  head.  Another  division  is  into  prediapoainff 
and  exntiiig  causes.  Predisposing  causes  are  such  as  act 
remotely,  or  by  slow  degrees,  to  iindennine  the  mental 
health ;  while  exciting  causes  are  those  untoward  events 
which  immediately  precede  the  breaking  down  of  the  mind. 
It  ia  a  common  error  to  assign  some  shock  or  calamitjrj 
as  the  efficient  aud  adequate  cause  of  an  insane  outl 
whereas  the  real  causality  lies  further  back,  and  the 
rence  in  question  is  only  the  occasion  of  its  devclopmeiit. 
'ITie  germ  of  the  insanity  may  have  been  deeply  latent  in 
the  constitution,  and  a  long  train  of  influences  may  hava 
been  at  work  to  impair  the  cerebral  vigor,  while 
event,  perhaps  of  slight  importance  in  itself,  serves 
bring  on  the  final  catastrophe.  When  it  is  said  that  a 
BOD  has  become  insane  tlirougli  disappointment  or  religi 
excitement,  we  are  not  to  suppose  tliat  this  is  the  whol*', 
statement ;  the  question  arises,  How  is  it  that 
quite  similar  circumstances  are  unaffected  ?  The  humaO'i 
mind  is  not  ao  constituted  as  to  snap  by  a  sudden  strMJ^^ 
like  cast-iron  ;  insanity  suddenly  produced  by  the  actioB> 
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a  single  cause  ia  of  the  rarest  occurrence.  Only  by  a 
conspiracy  of  conditions,"  internal  and  external,  proxi- 
ite  and  remote,  19  the  fabric  of  reason  usually  overthrown. 

We  will  first  notice  the  immediate  physiological  actions 
by  which  health  of  miud  is  destroyed,  and  this  will  prepare 
us  to  understand  bow  the  remoter  causes  of  mental  impair- 
ment take  effect. 

497.  Hathtion  of  the  Cerebral  StmctareB. — If  the  mind 
is  dependent  upon  the  brain,  it  follows  that  each  act  of 
mind  has  its  physical  conditions,  and  this  conditioning  must 
of  course  be  in  accordance  with  the  atruclure  of  the  organ. 
The  mental  mechanism  consists  esBcntially  of  millions  of 
cells  and  fibres,  the  former  of  wbich  are  the  generators 
and  the  latter  the  transmitters  of  force.  In  thinking  and 
feeling,  these  are  called  into  exercise,  and  according  to  its 
intensity  exhausted ;  while  their  functional  power  is  re- 
stored by  nutritive  assimilation.  The  structure  of  the 
parts  being  perfect,  mental  coherency,  energy,  and  health, 
depend  upon  their  perfect  nutrition.  On  the  other  hand, 
disordered  mental  manifestations  are  due  to  incapacitated 
structures  which  are  immediately  caused  by  imjierfect  nu- 
trition. It  is  here,  in  their  disturbance  of  the  nutritive 
operations  of  the  brain,  that  most  of  the  causes  of  mental 
ipairment  take  effect.  "  We  attribute  a  large  share  of 
mental  disease  to  pathological  conditions  of  the  braiu  whose 
most  prominent  characteristic  is  defective  nutrition  of  the 
organ.  In  a  very  large  proportion  of  cases  this  deficient 
nutrition  is  manifested  after  death  in  nn  actual  shrinking 
of  the  braiu — a  shrinking  which  is  coextensive  with  the 
duration  and  the  degree  of  the  loss  of  mental  power.  This 
loss  of  power  marks  oil  instances  of  cerebral  decay,  and  is 
consequently  a  condition  of  most  chronic  cases  of  excite- 
Bient"  (Buckuill  and  Tuke). 

The  effect  of  impaired  nutrition  is,  to  produce  derange- 

its  of  structure,  and  these  take  many  forms  in  the  vari- 
cases  of  cerebral  disease.  The  microscope  has  done 
19 


I 


434 


ELEMESTARY   ETGIENE. 


much  to  elucidate  the  pathological  changes  of  the  brail 
but  such  is  the  marvelous  delicacy  of  the  organ  that 
Bcopiats  are  still  lutensclj  occupied  in  making  out  the  eul 
tie  details  of  its  normal  structure.  Many  physical  iudiua- 
tions  of  nervous  disorder  no  doubt  remain  to  be  discovered ; 
but,  from  the  peculiar  complexity  and  difficulty  of  the  case, 
a  large  amount  of  infirmity  of  nerve-element  will  probably 
never  be  detected  by  physical  meaiiB,  Nutrition  results 
from  a.  relation  between  nerve-tissue  and  the  blood ;  the, 
causes  of  ita  pcrv-ersion  are  therefore  to  be  sought  in 
OU3  disturbances  of  the  circulatiou  as  well  as  in  the  nen 
element  itself. 

498.  Distuibaace  in  the  Cerebral  Circulation. — Nutriti<»i 
is  dependent  upon  the  supply  of  blood  ;  in  the  brain,  per- 
haps, more  closely  tlian  in  any  other  organ.  The  gray  sub- 
stance of  the  cerfbral  convolutions,  which  are  devoted  to 
the  higher  mental  operations,  is  richly  supplied  with  minute 
blood-vessels  which  impart  to  the  cells  the  material  of  their 
renewal,  and  remove  the  waste  products  of  their  activity. 
The  quautity  and  quality  of  the  blood  they  transmit  must 
therefore  exert  a  determining  influence  over  the  functions 
and  health  of  tho  organ. 

499.  Congestion  and  its  Efi^s, — As  mental  action 
pends  upon  the  interchange  taking  place  between  the  bh 
capillaries  and  the  nerve-cells,  it  follows  that  increased 
citation  and  interaction  of  ideas  is  accompanied  by  inci 
ing  interchange  and  demand  for  more  blood.     Or,  if, 
any  cause,  there  is  excessive  brainward  determination  of 
blood,  the  plethora  of  the  capilluricB  gives  rise  to  increased 
mental  excitement. 

If  this  heightened  activity  is  prolonged  beyond  due 
limits,  and  especially  if  the  brain  is  weakly  organized,  a 
state  of  morbid  congestion  is  induced,  and  ovci^stimula- 
tion  is  followed  by  stagnation  of  ideas,  head-swimming, 
and  emotional  depression  and  irritability.  "  There  a»  " 
students  who  are  not  practically  conversant  with  the  slight 
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ej-mptoms  of  oerebral  congestion,  Absorbed  in  some  intel- 
lectual pursuit,  tbe  Btudent's  bead  becomes  but  and  paiiiful, 
and  bis  brain  even  feels  too  large  for  bis  ekuJI.  With  ex- 
hausted powers  of  tbougbt  and  attention,  be  retires  at  a 
late  hour,  as  be  hopes,  to  rest,  but  he  finds  thut  he  cannot 
sleep ;  or,  if  he  does,  his  repose  is  unrefreshing  and  dis- 
turbed by  dreama.  An  hour's  freedom  from  thought  before 
retiring  to  bed  ivouid  have  enabled  tbe  parlly-congested 
brain  to  recover  itself." 

The  stagnation  of  the  cerebral  currents  and  imperfect 
removal  of  noxious  products,  with  the  irregularities  of  ex- 
citement and  depression  which  are  the  residia  of  frequent 
brain-congestion,  produce  defective  nutrition,  which  tends 
to  impair  the  soundness  of  the  organ, 

600.  AmenUB,  or  bloodlessnosB,  the  opposite  state  of 
congestion,  produces  similar  mental  effects.  Insufficiency 
of  healthy  blood,  whether  caused  by  its  actual  loas  from 
the  system,  or  by  poverty  and  dilution  of  the  fluid  through 
want  of  food,  imperfect  digestion,  or  any  of  the  numerous 
anti-hygienic  influences,  by  impairing  the  nutritive  powers, 
enfeebles  tbe  organ  and  i>owerfully  predisposes  to  insanity. 
Id  hypcrsemia,  ivith  hot  head  and  fullness  of  the  cerebral 
Teasels,  the  mental  functions  are  discharjred  with  slowness 
and  difficulty.  In  antemia,  with  pale  face,  cool  head,  and 
weak  pulse,  the  cerebral  organs  are  in  a  state  of  irrilable 
weakness,  easily  excited  to  auction ;  the  action,  however, 
being  powerless  and  irregular, 

"  The  blood  itself  may  not  reach  its  proper  growth  and 
development  by  reason  of  some  defect  in  the  function  of 
tbe  glands  that  minister  to  its  formation,  or,  carrying  the 
cause  Still  further  back,  by  reason  of  wretched  conditions 
of  life  ;  there  is,  in  consequence,  a  defective  nutrition  gener- 
ally, as  in  scrofulous  persons,  and  the  nervous  system  shares 
in  the  general  delicacy  of  constitution,  so  that,  though 
quickly  impressible  and  lively  in  reaction,  it  is  irritable, 
feeble,  and  easily  exhausted,     la  the  condition  of  anemia 
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we  hxn  an  olnemUe  ddect  in  the  b!ood,  and  palpable' 
nerrooB  sofering  id  oooseqaeaee;  beadacbes,  giddinea^ 
low  Bpirits,  and  sudceptihilitjr  to  emotioiial  excitement^ 
rerea]  the  morbid  effects.  Pore*tj  of  blood,  it  can  admit 
of  DO  doubt,  pUjs  the  same  weighty  part  in  the  productJoa 
of  insanitj  as  it  does  in  the  production  of  other  nerroDs 
diseases,  audi  as  hysteria,  chorea,  neuralgia,  and  ereo  ept- 
lepey.  The  cxhaustioo  produced  by  lactation  is  a  well- 
recognized  cauae  of  mental  derangemeot ;  and  a  great  loss 
of  blood  during  childbirth  has  sometimes  been  the  cat 
of  an  outbreak  of  insanity"  (Dr.  Maudsley). 

SOL  Ferrernona  of  the  Blood.— Altbongb  the  blood  ii 
compouod  of  wondrous  complexity,  and  underling  inoe»- 
sant  change  by  active  influx  and  drainage,  yet  in  heslth  its 
constitution  is  preserved  ia  such  exquisite  balance,  that  the 
cerebral  engine  of  thought  and  emotion  is  kept  in  harmo- 
nious and  perfect  action.  This  harmony  is  disturbed  not 
only  by  excess  or  deficiency  of  the  vital  stream,  but  in  a 
marked  degree  by  the  presence  in  it  of  various  impuritiee. 
Every  grade  of  mental  disease,  from  the  mildest  deprco- 
sion  to  the  fmy  of  delirium,  may  be  produced  by  the  aooo- 
mulution  in  the  blood  of  the  wa&te  matters  of  the  tissues. 
The  presence  in  the  blood,  for  example,  of  unexcreted  bile, 
BO  affects  the  nervous  substance  as  to  engender  the  gloomi- 
est feelings,  from  which  the  individual  cannot  free  himself 
although  he  knows  that  the  cause  of  his  depression  is  not 
in  the  actual  condition  of  external  circumstances,  but  is 
internal,  and  of  a  transient  nature.  But  it  only  requires 
the  prolonged  acliou  of  this  cause  to  carry  this  morbid 
stale  of  nerve-element  to  that  further  stage  of  degeneration 
which  shall  result  in  the  genuine  melancholia  of  insanity. 
So  also  the  non-evacuation  of  urinary  products  in  the  blood 
of  a  gouty  patient  acts  upon  the  brain  to  produce  an  irri- 
tability which  the  mind  cannot  prevent ;  and  this,  too,  if 
not  arrested  by  medical  resources,  is  liable  to  pass  on  to 
maniacal  eidtement. 
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In  like  mftnner,  suppressed  tliacliarges,  the  morbid  prod- 
octs  of  typhuB  and  typhoid  fevers,  the  organic  poisons 
generated  in  the  system  by  amall-pox  or  syphilis,  and  not 
promptly  eUminateil,  are  often  efficient  causes  of  nutritive 
^rversion  in  tlie  brain  which  result  in  various  forms  of 
SDental  disorder. 

Various  substances  introduced  into  the  blood,  as  opium, 
Si^shish,  belladomia,  take  effect  upon  the  brain,  each  per- 
verting the  mental  functions  in  a  manner  peculiar  to  itself. 
Ingested  alcohol  produces  an  artificial  insanity,  in  which 
ihe  various  types  of  mental  disease  are  distinctly  mani- 
fested. Its  first  effect  is  a  gentle  stimulation  and  a  mental 
excitement,  such  as  often  precedes  an  outbreak  of  mania. 
Tliis  is  followed  by  a  rapid  flow  of  ideas,  an  incoherence 
<of  thought  and  speech,  and  an  excitement  of  the  passions, 
which  disclose  automatic  disturbance  and  diminished  vol* 
nntary  control,  as  iu  delirium  from  other  causes.  A  con- 
dition of  depression  and  maudlin  melancholy  succeeds,  as 
convulsion  passes  into  paralysis — the  last  scene  of  all  being 
one  of  dementia  and  stupor. 

502.  Nutritive  Repair  of  the  Brain. — But,  independent 
of  the  quantity  or  quality  of  the  blood  supplied  to  the 
brain,  that  organ  is  liable  to  certain  conditions  of  exhaustion 
and  nutritive  degeneracy  to  an  extent  far  greater  than  the 
other  organs  of  the  body.  These  other  organs  have  vari- 
ous means  of  escape  from  overtasking ;  if  they  cannot  in- 
oease  their  power  so  as  to  endure  the  burden  imposed, 
they  can  refuse  to  act,  or  throw  the  excess  of  labor  upou 
some  other  part.  Overworking  the  stomach  destroys  ap- 
|>etite,  and  the  task  is  no  longer  imposed.  If  the  muscular 
Aystem  is  worked  beyond  its  power,  it  does  not  itself  break 
down,  but  the  excessive  strain  is  thrown  npon  the  nervous 
system,  which  receives  the  injury.  The  overtasked  lungs 
throw  part  of  their  burden  upon  the  skin  and  liver,  and  the 
overworked  liver  is  relieved  by  the  kidneys.  But  the  econ- 
omy of  the  organism  affords  the  brnin  no  vicarious  relief; 
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if  overburdened,  it  must  Buffer  alone.  Excessive  exertion 
of  the  brain  produces  an  excitement,  tt-bicb,  instead  of  ceas- 
ing, is  augmented  by  the  very  debility  wbich  it  causes. 
The  exhaustion  continues  the  overwork,  which  again 
creases  the  exhaustion.  The  degenerution  of  nervf 
ment  thus  proceeds  at  a  rapid  rale  of  iucrease,  whi 
results  in  permanent  perversion  and  degradation  of  tl 
mental  functions. 

The  conditions  of  rest  and  nutritive  renovation  of 
mind's  organ  are  provided  for  in  the  mechanism  of  tke 
sobr  system,  by  which  the  quietude  of  night,  darkness,  and 
silence  alternates  'with  the  stimulation  of  ligbt  and  day. 
The  recovery  of  its  tone  throiigli  nutritive  repair  undoubt- 
edly takes  place  in  the  brain  during  the  suspension  of  its 
functional  activity  in  sleep.  That  sleep  should  be  eound 
in  quality  and  sufGcient  in  quantity  is  one  of  the  first  oob-' 
ditions  of  mental  health  and  vijror,  and  the  want  of  it, 
all  have  observed,  reacts  powerfully  upon  the  state  of 
feelings.  "  The  ill  effects  of  insufficient  sleep  may  be  wit* 
nessed  on  some  of  the  principal  organic  functions;  but  it 
ia  tie  brain  aud  nervous  system  that  suffer  chiefly  and  in 
the  first  instance,  llie  consequences  of  a  very  protracted 
vigil  are  too  well  known  to  Ise  mistaken ;  but  many  a  per- 
son is  suffering,  unconscious  of  the  cause,  from  the  babit 
of  irregular  and  insufficient  sleep.  One  of  the  most  com- 
mon effects  ia  a  degree  of  nervous  irritability  and  peevisli- 
ness  which  even  the  happiest  self-discipline  can  scarcely 
control.  That  buoyancy  of  the  feelings,  that  cheerful, 
hopeful,  trusting  temper,  which  springs  far  more  from 
organic  conditions  than  from  mature  and  definite  conviW' 
tions,  give  way  to  a  spirit  of  dissatisfaction  and  dejection  $: 
while  the  even  demeanor,  the  measured  activity,  are  to- 
placed  either  by  a  lassitude  that  renders  any  exertion  pain* 
ful,  or  an  impatience  and  restlessness  not  very  conducive, 
to  happiness." 

Such  are  the  effects  upon  the  healthy  constitution  of 
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that  slight  disturbance  of  brain -nutrition  which  accompa- 
nies insufficient  repose ;  but,  when  this  state  of  things  is 
much  protracted  or  takes  effect  upon  a  weakly -organized 
nervous  system,  the  mental  integrity  becomes  endangered. 
Sleeplessness  is  both  a  syniptom  and  an  immediate  cause 
of  cerebral  disorder.  Bucknill  and  Tuke  observe :  "  Want 
of  refreshing  sleep  we  believe  to  be  the  true  origin  of  in- 
Banity  dependent  upon  moral  causes.  Very  frequently, 
when  strong  emotion  leads  to  insanity,  it  causes  in  the  first 
instance  complete  loss  of  sleep.'" 

The  quality  of  the  sleep,  moreoTer,  that  is,  whether  it 
be  total  or  partial,  is  of  the  first  importance.  In  painful 
and  harassing  dreams  the  emotional  perturbation  contin- 
ues, and  the  individual  awakens  exhausted  rather  than 
invigorated.  It  is  probable  that  iu  such  cases,  when  the 
mind  is  abandoned  to  fantasy,  and  the  control  of  the  judg- 
ment is  lost,  the  wasteful  activity  of  certain  parts  of  the 
brain  may  exceed  that  of  the  waking  state.  Various  cases 
are  mentioned  in  which  patients  have  ascribed  their  attacks 
of  mania  to  the  influence  of  frightful  dreams. 

We  thus  see  in  what  mental  impairment,  in  its  various 
degrees,  really  consists.  To  the  physiologist  the  question 
of  healthy  mental  activity  resolves  itself  into  that  of  the 
soimdness  of  nerve-element,  and  of  the  vigor  and  complete- 
ness of  nutrition ;  while  mental  impairment  is  seen  to 
resiilt  from  instability  of  the  nerve-structures  consequent 
upon  defective  nutrition.  In  this  view,  therefore,  all 
causes,  physical  or  moral,  immediate  or  remote,  which  influ- 
ence the  nutritive  operations  of  the  sj'stem,  have  a  bearing, 
more  or  less  direct,  upon  mental  conditions  and  character. 

We  will  now  pass  to  some  of  the  remoter  influences  by 
which  mental  health  is  impaired. 

603.  Hereditary  TransmiEBioti. — Tlie  living  constitution 
is  powerfully  iullucnccd  by  many  slow-working  agencies. 
The  causes  of  menial  deterioration  produce  effects  in  time, 
and  through  successive  generations.     Hereditary  tranemis- 
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a  thus  becomes  a  leading  fector  in  the  problem  of  men- 
tal impainiient,  and  accounts  for  tn&ny  of  tbe  agencies  by 
which  it  ia  produced. 

Bodily  defects  and  diseases  arc  transmissible.  Con- 
eumption,  gout,  asthiiiu,  cancer,  leprosy,  scrofula,  apoplesv, 
unsoundness  of  teeth,  and  even  long-sight,  short -sight,  ajid 
equiuting,  are  liable  to  be  inherited.  Of  course  these  diseases 
are  not  transmitted  in  all  cases  of  their  occurrence,  nor  do 
they  alirays  pass  directly  from  parent  to  offspring;  one  or 
two  generations  may  be  skipped,  and  llie  malady  appear  in 
the  distant  descendants.  Hence,  strictly  speaking,  it  is  not 
the  disease  that  is  hereditary,  but  a  predisposition  to  it, 
which  may  cither  be  neutralized  and  disappear,  remain  dor- 
mant, or  break  out,  according  to  circumstances. 

There  is,  perhaps,  no  form  of  constitutional  defect  more 
markedly  hereditary  than  morbidities  of  the  nervous  sys- 
tem. Esquirol  observes  that,  of  all  diseases,  insanity  is  tbe 
most  hereditary.  The  proportion  of  cases  in  which  this 
malady  is  ascribed  to  predisposition  has  been  rariouslj 
estimated  at  from  one-fourth  to  nine-tenths ;  probably  at 
least  one-hfllf  of  all  these  cases  of  disease  have  this  origin. 
Extensive  and  careful  inquiry  has  led  to  the  conclusion  that 
predisposition  to  insanity  on  the  part  of  the  mother  is  more 
liable  to  be  transmitted  to  children  than  a  like  tendency 
on  the  part  of  the  father,  but  it  is  the  danghlera  that  are 
most  exposed ;  the  maternal  defect-,  while  it  is  equally  dan- 
gerous to  the  sons  as  the  paternal,  ia  twice  bb  dangerous 
to  the  daughters. 

The  common  notion,  that  insanity  is  iidierited  only 
when  madness  in  a  parent  reappears  as  madness  in  the 
child,  is  a  most  serious  error.  That  which  is  transmitted  a 
nervous  infirmity,  which  may  assume  an  endless  variety  of 
forms.  Parental  iicrvotis  defect  may  issue  in  one  membet 
of  the  family  tu  unbalanced  diameter,  which  is  manifested 
n  violent  outbreaks  of  passion  and  unaccountable  impulses, 
Sfhile  another  ra:iy  go  smoothly  through  life  without  eihib- 
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tmce  of  it,  and  a  third  will  break  down  into  mania 
'IDpciii  some  trying  emergency.  As  features  are  modified  by 
descent,  so  are  diseases,  and  none  nssume  so  wide  a  direr- 
lity  of  aspect  as  those  of  the  nervous  system. 

"If,  instead  of  limiting  attention  to  the  individual,  we 
scan  the  organic  evolution  and  decay  of  a  family — proces- 
ses which,  as  in  the  organism,  are  soinetimes  going  on  si- 
multaneously— then  it  is  made  sufficiently  evident  how  close 
are  the  fundamental  relations  of  nervous  diseases.  Low  arti- 
ficial the  divisions  between  them  may  sometimes  appear. 
Epilepsy  in  the  parent  may  become  insanity  in  the  off- 
spring, or  insanity  in  the  parent  epilepsy  in  the  child ;  o»d 
chorea  or  convulsions  in  the  child  may  be  the  consequence 
of  great  nervous  excitability,  natural  or  accidental,  in  the 
mother.  In  families  in  which  there  is  a  strong  predispo- 
sition to  insanity,  it  is  not  uncommon  to  find  one  member 
afflicted  with  one  form  of  nen'ous  disease  and  another  with 
another ;  one  suffers,  perhaps,  from  epilepsy,  another  from 
neuralgia  or  hysteria,  a  third  may  commit  suicide,  and  a 
fourth  become  maniacal.  General  paralysis  is  a  disease 
which  is  usually  the  result  of  continual  excesses  of  one  sort 
or  another;  but  it  may  unquestionably  occur  without  any 
marited  excesses,  and  when  it  docs  so  there  will  mostly  be 
discoverable  an  hereditary  taint  in  the  individual "  (Dr. 
Maudsley). 

504  Debilitated  Stock  a  Source  of  Crimmality.— How 
the  running  down  of  stock  through  loss  of  vital  power  by 
hereditary  influences  should  swell  the  ranha  of  the  depend- 
ent classes,  or  those  incapable  of  self-support,  is  obvious  ; 
but  this  cause  is  equally  powerful  in  regnforcirg  the  dan- 
gerous classes  who  till  our  jails  and  prisons.  Immoral 
training  and  vicious  associations  are  undoubtedly  among 
the  potent  agencies  by  which  these  arc  educated  for  a 
career  of  v-ice  and  crime,  but  a  cooperating  cause  of  far 
greater  power  is  low  organization  or  defective  cerebral 
endowment.     Tliey  begin  life  with  a  nervous  system  inca- 
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tioB  and  ezpmenee  at  tfccae  ffainrcr.  Dr.  ^  Q,  Bowe^  gb- 


tidtHls  of  lav  otjguuBtian  the  potcty  aaannJ  appetites  ne 
apt  to  be  finceuKl  aagorenaable,  bni  h  is  not  so:  on  tbs 
eoatmj,  ms  a  geneial  nde,  tbe  whole  mtune  »  let  down 
and  eniieeUed;  sad  poBons  in  tliis  ecnlitioD  are  docile  sod 
eaaSj  garcraed.  SometinMe,  indeed,  tbere  is  fearful  ao- 
tiritf  of  tbe  animal  natare  in  penoos  of  Terr  low  otguii- 
^itioo,  which  imp^  them  to  commit  ebockiog  oatragefi ; 
but  these  are  exeeptKoal  cases,  and  tbe  p^ssSoiie  are  oao- 
aQj  the  consequences  ^  drink,  or  of  insanilr,  nther  thaa 
of  intensity  of  native.  As  a  rule,  in  the  clissee  maHced  by 
low  and  d^enerate  orgaoizstioD,  tbe  animal  instincts  and 
impulses  are  not  strong;er  than  is  tbe  others.  On  the  oon- 
traiy,  the  classes  of  higher  bodilv  organization  and  ngor 
hare  more  fire  and  potency  crcn  of  animal  appetites;  and 
their  EDperiority  comes,  not  from  lack  of  impulses  and  temp- 
tattrins,  but  from  greater  activity  and  power  of  tbe  restrain^ 
iujf  (acuities  of  reflection  and  of  conscience." 

In  the  ligbt  of  these  facts,  the  causes  of  meatsl  ini 
tiicnt  acquire  a  uew  and  startling  significance.  Tlie 
(•m  agencies  which  are  adverse  to  health  not  only  shorten 
ibe  duration  of  life,  but  they  degrade  its  quality;  while 
ficteriorated  life  involves  debilitated  intellect  and  perverted 
moral  powem,  T\w  guneml  causes  of  impaired  health 
wliich  have  been  noticed,  impure  air,  overcrowding,  ba4. 
water,  irisufliuient  food,  exposure  to  weather  from  innde^ 
igniite  clothing,  want  of  exercise,  or  exhausting  labor, 
tlip  whok'  array  of  Lad  physical  conditions,  by  undi 
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the  bodily  vigor  and  lowering  the  nutritive  operations,  be- 
come powerful  and  extensive  causes  of  mental  impairment, 
and  stand  in  close  relation  to  the  evils  and  vices  of  society. 
Their  baneful  influence,  however,  is  not  measured  by  their 
immediate  effects  upon  tie  individual ;  their  power  is  mul- 
tiptied  by  transmission,  for  they  inflict  upon  his  posterity 
the  curse  of  a.  bad  descent.  Evil  habits  and  bad  condi- 
tions of  life  may  not  in  the  first  case  reach  the  extent  of 
mental  derangement,  but  they  so  impair  the  vital  stamina 
that  their  victim  bequeathes  to  his  children  enfeebled  and 
degenerated  nervous  org;anizations,  which  are  Incapable  of 
withstandiDg  the  strains  and  shocks  of  social  experience. 
The  lowered  vitality  and  perverted  nutrition  of  the  parent 
become  feeble-mi ndednesa  or  insanity  in  the  offepring. 

Hence,  "  for  the  moral  and  intellectual  elevation  of  the 
race,  we  are  to  look  not  exclusively  to  education,  but  to 
whatever  tends  to  improve  the  bodily  constitution,  and 
especially  the  qualities  of  the  brain.  In  our  schcmea  of 
philanthropy  we  are  apt  to  deal  with  men  as  if  they  cottld 
be  moulded  to  any  desirable  purpose,  provided  only  the 
right  instrumentalities  are  used ;  ignoring  altogether  the 
fact  that  there  is  a  physical  organ  in  the  case,  whose  origi- 
nal endowments  must  limit  very  strictly  the  range  of  our 
moral  appliances.  But,  while  we  are  bringing  to  bear  upon 
them  all  the  kindly  influences  of  learning  and  religion,  let 
us  not  overlook  those  physical  agencies  which  determine 
the  efficacy  of  the  brain  as  the  material  instrument  of  the 
mind"  (Dr.  Ray). 

505.  Overtaeking  the  Emotioni. — Increase  of  insanity 
is  undoubtedly  a  concomitant  of  advancing  civiUzatioo. 
The  savage  slate  is  marked  by  simple  and  unchangeable 
social  institutions,  uniformity  of  manners  and  habits,  lin^ 
ited  wants,  the  discipline  of  privation,  imperturbable  resig- 
nation, feeble  sifection,  and  few  emotions.  Tlie  savage 
rarely  laughs  and  rarely  sheds  tears.  The  mental  disor- 
ders to  which    he  is   liable  correspond  to  his  imperfect 
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deTeloptnent;  they  are  idiocy  and  imbedlity— the 
diseases  of  cluldren.  On  the  contrary,  in  the  cirilizcd 
there  is  a  high  and  varied  development  of  the  emotions : 
all  the  circumstances  of  refined  society  conspire  to  iaten- 
Bify  the  feelings.  Pride,  ambition,  fear,  grief,  domestic 
trouble,  speculation,  reverses  of  fortune,  great  successes, 
sad  great  failures,  exemplify  the  eiicitement  and  intoxica- 
tion of  the  emotions  to  which  a  highly-civilized  people  are 
continually  subjected.  In  this  country  the  intense  and 
universal  passion  for  wealth,  the  periodical  convulsions  of 
politics,  and  the  stimulation  of  free  compelJtioD  for  place 
and  profit,  carry  to  a  high  point  the  strain  upon  the  feel- 
ings. ^Vor8e  than  all,  our  education,  instead  of  being  & 
training  to  self-control,  and  a  systematic  discipline  of  the 
emotions  through  a  calm  culliviition  of  the  sciences  of  Na- 
ture, b  too  generally  conducteil  in  the  same  spirit  of  ex- 
citement: studies  are  pursued  under  the  spur  of  shttrp 
competilion  for  the  prizes  and  applause  of  public  examine 
tions,  and,  in  place  of  sober  and  solid  attainment,  our  cult- 
ure degenerates  into  a  mere  preparation  for  trade  ftnd 
politics.  This  state  of  things  is  far  from  favorable  to  mei^ 
tal  stability.  Tlie  victims  of  overtasked  and  pervertefl 
emotion  Gil  our  asylums,  and  it  is  impossible  to  view  the 
increasing  tendencies  to  social  and  public  excitement  wi^i- 
out  grave  solicitude  for  its  future  effects. 

606,  Overtaakiiig  the  Intellect.— This  is  an  extensive 
cause  of  mental  dorangemcnt,  though  perhaps  less  so  than 
that  just  considered.  The  baneful  effects  of  cerebral  ei- 
boustion  have  already  been  noticed  (502),  and  that  study 
is  often  curried  to  this  injurious  length  is  notorious.  Mod- 
erate use  undoubtedly  develops  and  strengthens  the  brain, 
and  it  is  equally  certain  that,  if  the  anioimt  of  work  is  car- 
ried much  beyond  this  point,  the  organ  is  endangered. 
Among  the  causes  of  insanity  tabulated  in  insnne-asylunr 
reports,  excess  of  study  figures  as  an  inconsiderable  item 
but  this  belongs  to  the  class  of  causes  which  mainly  »ct  bj 
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iving  the  way  to  a  mental  break-down.  CaseH  like  that 
of  Hugh  Miller,  where,  after  an  intense  and  protracted 
Btraio,  the  brsiin  at  last  gives  way,  are  by  no  means  infre- 
quent; but  in  many  an  over-stimulated  child  or  overworked 
student  there  may  be  only  sown  the  seeds  of  future  men- 
tal disease,  while  some  other  circumstance,  such  as  loss  of 
rest,  grief,  or  disappointment,  may  cause  the  seed  to  ger- 
minate, and  itself  be  taken  as  the  cause,  whereas  it  is  in 
reality  only  the  occasion. 

It  has  been  objected  to  this  view  that  the  hmatic  asy- 
lums are  chiefly  peopled  with  inferior  rather  than  highly- 
cultivated  minijs ;  but  inferior  minda  are  just  those  most 
likely  to  be  injured  by  excessive  study.  The  more  highly 
developed  the  brain,  the  greater  is  its  capacity  of  endur- 
ance. In  his  testimony  before  the  Parliamentary  School 
Commission,  Dr.  Carpenter  announced  his  conviction,  as  a 
physiologist  who  had  specially  studied  the  question,  that 
the  children  of  the  educated  classes  are  capable,  without 
injury,  of  twice  as  many  hours  of  school-sludy  as  the  chil- 
dren of  the  uneducated  classes. 

What  amount  of  labor  the  brain  will  endure  without 
orerst raining,  depends  upon  various  conditions,  such  as 
■ge,  original  vigor  of  constitution,  habits  as  to  physical 
aiercise,  and  intensity  of  application.  The  brain  of  the 
adult  will  bear,  unharmed,  an  amount  of  labor  which  would 
be  most  injurious  to  a  young  person,  and  men  of  active 
habits  can  endure,  without  fatigue,  menial  application 
which  would  bo  dangerous  to  the  sedentary.  Probably  six 
hours  a  day  of  close  brain-work  is  the  maximum  that  tlie 
organ  will  endure  without  detriment.  Mental  labor  may 
be  prolonged,  it  is  true,  to  double  this  length  of  time  with- 
out apparent  injury  to  the  brain ;  but  in  most  cases  the 
quality  of  the  work  performed  will  be  found  to  indicate  a 
lack  of  strength,  vigor,  and  spontaneity. 

In  order  to  disprove  the  unhealthfulness  of  this  kind  of 
exertion,  attention  has  been  called  to  the  full  ages  reached 
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t  to  be  fargotten,  bowercr,  ll«t  tbere  are  erila 
nDderartioo  aa  wefl  aa  of  over^ctiaa.  Wliile 
tboir  is  DO  erideaoe  that  in  the  case  of  mcnltured  sangcs 
the  brain  is  liaUe  lo  boootne  diacnoed  from  lack  of  cxer- 
^tbe  sane  thing  caunnot  be  affirmed  of  the  ^uldrated 
Tbe  progress  of  ^ritiatioa  in  these  races  19  ae- 
1  hj  a  higher  deiTetoptornt  and  increasui^  con- 
f  of  oerehnl  or^nixation,  aod  this  higher  coaditioa 
cam  only  be  maintained  bv  a  parrespoodin^j  bi^er  degree 
of  functioual  exercise.  Wilfaout  ihnt  actirttr  which  il« 
greater  perfection  implies  and  requires,  the  brjin  of  the 
civilized  man  degeneratff.  A  well-ctmstituted  oi^an  <lo- 
fnandt  exerciac,  and  there  can  be  no  doubt  that  pteawtra- 
ble,  productive  brain-vork  can  be  pursued  to  a  greateiteot, 
in  the  fomi  of  cJose  and  severe  mental  lalwr,  without  iik- 
JU17.  It  is  the  evil  acoompanimeots  that  gioierally  work 
the  mischief;  the  poisoning  of  the  blood  in  the  stagnant 
air  of  dose,  unventilatcd  apartments;  tiie  resuming  of 
work  directly  after  dinner,  and  prolonging  it  into  the  Uie 
hours  of  the  night ;  tlie  provocatinn  of  etiraulanta  oad 
irregular  habits ;  ibe  liarJ,  repulsive  Uskwork  continued 
iiid  the  unrelieved  tension  of  anxietjr 
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ihat  frets  and  atraina  and  softeua  the  delioate  gray  matter 
of  the  brain,  and  ends  at  last  in  paralysis  or  imbecility, 

607.  Early  Symptoms  of  Keatal  Impairment — Of  all 
the  calamities  to  which  man  is  liable,  none  i3  so  appalling 
as  the  loss  of  reason,  and,  when  the  diseases  wliioli  cause 
it  are  fiw  advanced,  they  are  mostly  beyond  the  reach  of 
restorative  measures.  But  a  calamity  so  terrible  does  not 
come  unheralded.  Menial  disease  baa  its  gradual  begin- 
ning—  its  period  of  incubation,  as  physicians  term  it — 
which  is  accompanied  by  various  signals  of  impending  dif- 
ficulty; and  it  is  important  tbat  these  early  indications 
should  be  understood  by  all. 

One  of  tiie  greatest  warnings  of  approaching  cerebral 
disease  is  debilitated  attention  and  loss  of  memory.  When 
an  individual  begins  to  fail  in  his  customary  power  of 
keeping  bis  mind  to  a  subject,  or  forgets  the  names  of 
familiar  persons  and  obji^cts,  or  is  unable  to  make  simple 
numerical  calculations  with  his  usual  facility  and  accuracy, 
or  oddly  transposes  his  words  in  conversation,  there  is 
serious  ground  for  apprehending  softening  of  the  brain  or 
apoplectic  seizure^  Slight  deviations  of  the  facial  features, 
the  trifling  elevation  of  an  eyebrow,  the  drawing  aside  of 
the  mouth  a  hair's  breadth,  or  a  faint  faltering  of  the  speech, 
are  dangerous  intimations  of  the  advance  of  paralysis. 

The  more  active  forms  of  mental  disease  have  also 
their  early  symptoms.  Preternatural  acuteness  of  the 
senses,  causing  exaggerations  of  sight,  hearing,  and  smell, 
is  the  frequent  precursor  of  a  maniacal  outbreak.  The 
sensibility  is  not  only  exalted,  so  that  the  ijidividual  sees, 
hears,  feele,  and  smells  more  keenly  than  in  health,  but  it 
is  often  vitiated  ;  he  sees  double,  agreeable  odors  become 
disgusting,  and  pleasant  tastes  offensive.  A  prickling 
sensation,  or  a  sense  of  ctildness,  or  grittincss  in  things 
touched,  is  sometimes  experienced.  In  the  case  of  a  man 
who  died  of  apoplexy,  there  was  for  some  time  previous  to 
his  illness  a  feeling  in  both  hands  as  if  the  shin  were  cov- 
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ered  wilb  minute  and  irritating  particlee  of  dust  and  sand. 
The  approach  of  mental  disease  b  also  foreshadowed  in 
the  conduct.      Singularity  or  eocentricily  of  deportment 
is  not,  in  itself,  to  be  taken  as  evidence  of  mental  aliena- 
tion,    A  large  margin  must  be  allowed  for  individual  pe- 
culiarities ;  there  are  naturally  crooked  sticks  as  well  as 
straight  ones.     Whatever  be  the  bent  of  the  character,  it  I 
13  in  the  deviations  from  it  that  we  are  to  watch  for  evi- 1 
ilence  of  morbid  action.      When  a  person,  who  is   well  I 
known  to  a  circle  of  friends,  begins  to  manifest  unaccoimt- 
able  singularities  of  behavior ;  when  a  quiet  and  modest 
man  becomes  noisy  and  boastful ;  when  a  cautious  man 
begins  to  embark    in   wild  and   reckless   schemes ;    wliea 
a   person  of  a   serious  turn   suddenly  becomes  bilarioua^  | 
or  one  of  a   lively  and   buoyant   disposition    sinks   into  1 
despondency;  when  an  affectionate  person  turns  jealous! 
and  suspicious  with  no  apparent  reason,  or  one  of  usually  I 
steady,  industrious  habits  becomes  idle,  i>eglectfu1  of  busi-  fl 
ness,  and  takes  to  running  about — in  such  cases  there  ig  f 
reason  to  believe  that  trouble  is  brcwiug.     These  deviac  I 
tions  from  customary  habits  "are  the  switch -points  which  1 
indicate  that  the  mind  is  leaving  the  main  line,  and  that,  J 
if  left  to  itself,  it  will  speedily  career  to  destruction." 

Sometimes  the  earliest  symptoms  of  cerebral  dening»>  1 
ment  are  manifested  in  the  consciousness  itself,  and,  while  1 
no  indications  of  disorder  are   disclosed   in  the  outward 
behavior,  the  individual  Rnds  himself  becoming  the  victim 
of  morbid  thoughts,  which  he  cannot  banish.     A  patient, 
writing  to  Dr.  Cheyne,  observed  :  "  I  am  not  conacioiis  of 
the  decay  or  suspension  of  any  of  the  powers  of  my  miud.  I 
I  am  as  well  able  as  ever  I  was  to  attend  to  my  business.  I 
My  family  suppose  me  in  health ;  yet  the  horrors  of  i 
mad-hou£e  are  staring  me  in  the  face.     I  am  a  martyr  to  ftfl 
species  of  persecution  from  within,  which  is  becoming  in*! 
tolerable.     Ism  urged  to  say  the  most  shocking  things}! 
blasphemous  and  obscene  words  are  ever  on  my  tongue." 
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608.  Hinta  and  Precautioiu. — It  is  a  serious  error  to 
suppose  tliat,  because  there  may  be  a  predisposition  to 
insanity  in  a  family,  therefore  tbu  members  of  it  are  to 
regard  their  danger  in  the  light  of  a  fiitality  from  which 
there  is  no  escape  ;  on  the  coutrary,  these  are  preBmincutly 
the  cases  in  which,  to  a  wise  discretion,  forewarning  is 
forearming.  The  instances  are  probably  very  few  in  which 
latent  tendencies  are  developed  into  actual  disease  in  spite 
of  all  precaution.  It  will  generally  be  found  that  the  out- 
break is  due  to  some  immediate  disturbing  agency  which 
might  have  been  avoided. 

Where  sucli  a  tendency  exists,  the  education,  occupa- 
tion, and  habits,  should  be  ordered  with  the  strictest  refei^ 
ence  to  it :  the  establishment  of  strong  bodily  health  should 
be  a  paramount  consideration.  The  physical  education 
should  be  specially  directed  to  strengthen  the  nervous  sys- 
tem and  diminisli  its  excitability.  Much  study,  bodily  in- 
action, confinement  to  warm  rooms,  sleeping  on  feathers, 
are  all  favorable  to  undue  nervous  susceptibility. 

In  the  education  of  children  thus  circumstanced,  that 
is,  in  their  brain-exercises,  it  is  of  the  first  importance  to 
remember  that  whatever  tends  in  any  degree  to  impair  the 
mental  health,  acts  with  redoubled  power  when  cooperat- 
ing with  morbid  tendencies.  While  the  brain  is  yet  plastic 
and  pliable,  a  little  mismanagement — the  huracring  of  pre- 
cocity, the  repression  of  physical  and  nervous  activity,  or 
over-stimulation  of  thought — may  awaken  the  germs  of 
mental  disorder,  and  lead  to  the  most  injurious  conse- 
quences. 

To  persons  tlms  predisposed,  steady  and  agreeable  oc- 
cupation, which  does  not  try  the  patience  or  the  temper, 
or  involve  much  responsibility,  excitement,  or  exhaustion, 
is  in  the  highest  degree  desirable.  Religious,  political, 
and  reformatory  gatherings,  where  the  passions  are  aroused 
and  the  sympathies  excited,  should  be  carefully  avoided, 
together  with  all  excitements  which  tend  to  disturb  the 


t«8>n>lieto 


ilMiiilbyAec^ofpw 

img  Am  atbatkm  to  he  tagmmed  by^* 

est  to  the  aegleec  of  eray  otlter,  em  of  tboM  a 
coanected  with  ifce  wd&re cf  the  iDdrridoaL  Titeo 
b  npecaDj  Deen^ny  in  an  mge  wboee  intrlleetnal  Amt- 
acter  it  miked  1^  strife  snd  cmiflici.  ntfaer  ifmt  celm 
oontenqilatiaii  cr  plnlaBC^Aial  inqunr ;  mad  to  which  creB 
the  good  and  the  line  are  panned  with  an  ardor  more  in- 
dicatiFe  of  txmm  excHeaent,  tbaa  of  pure,  imaditlter- 
ated  emotion.  Hie  fwevsleot  fediiif  b,  ihat  whatercr  is 
worth  striving  for  at  all,  b  worthy  of  ail  possible  seal  and 
derotion ;  and,  SDppon«d  by  the  sympathj  and  coOpeiatiaii 
of  othen  similarlj  diposed,  the  coldest  natures  become,  at 
Ijst,  williog  to  go  as  far  and  as  ta&t  as  any. 

"  Where  the  mind  of  a  person  revolves  in  a  very  nal 
rnw  cireic  of  thought,  it  lacks  entirely  that  rccupetstin 
and  invigorating  power  which  springs  from  a  wider  ooiD- 
prchcniiion  of  tilings,  and  more  numerous  objects  €>t  in- 
tnrcxt.  The  hnliit  of  brooding  over  a  single  idea  is  calco- 
latod  to  dwarf  the  soundest  mind ;  but,  to  those  unfort 
iiately  oonntitutod,  it  is  positively  dangerous,  because  tht 
are  easily  lot!  to  thin  kind  of  partial  mental  activity,  xai 
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e  kept  from  running  into  fatal  extremes  by  none  of  tliose 
conservative  agencies  wluch  a  broader  discipline  and  a 
more  generous  culture  naturally  ftimish.  The  result  of 
this  ooDtinual  dwelling  on  a  favorite  idea  is,  that  it  comes 

^Vp  unbidden,  and  cannot  be  dismissed  at  pleasure.  Rtfa- 
gon,  fancy,  passion,  emotion — every  power  of  the  mind,  in 
short — are  pressed  into  its  service,  until  it  is  magnified 
into  gigantic  proportions  and  endowed  with  wonderful 
attributes.  The  conceptions  become  unnaturally  vivid, 
the  general  views  narrow  and  distorted,  tbe  properlies  of 

I  time  and  place  are  disregarded,  the  guiding,  controlling 
^wer  of  the  miud  b  disturbed,  and,  as  tbe  last  stage  of 
this  melancholy  process,  reason  is  completely  dethroned." 
609.  Hedioal  Uanagement.— Although  diseases  of  the 
higher  nervous  centres,  when  they  become  seated,  are,  to 
R  great  extent,  incurable,  yet,  in  their  incipient  stages, 
they  are  in  most  cases  quite  amenable  to  treatment.  But, 
unhappily,  those  instances  where  delay  is  fraught  with  the 
greatest  danger,  are,  of  all  others,  most  liable  to  be  neg- 

Ilected  in  their  earlier  stages.  If  the  liver  or  the  lungs 
get  out  of  order,  there  is  usually  incontinent  haste  to 
consult  the  physician ;  but,  if  the  organ  of  reason  is  in 
danger  of  giving  way,  a  mystery  is  made  of  it,  and  th» 
dictates  of  common-sense  are  unheeded. 
Nor  is  mere  neglect  tbe  worst  aspect  of  the  case ;  false 
notions  of  delicacy  frequently  become  hinderances  to  early 
and  decisive  action.  The  ancient  superstition,  which  con- 
nected insanity  with  special  Providential  disfavor,  descends 
to  us  in  the  shape  of  prejudices  which  speak  of  it  still  as  a 

t"  taint,"  and  lead  to  a  culpable  obliquity  in  deaUng  with  it. 
Physicians  of  the  largest  experience  attest  that,  even  when 
they  are  consulted  in  these  oases,  there  is  often  the  great- 
est difficulty  in  getting  at  the  real  conditions,  both  tbe 
patient  and  his  friends  studiously  concealing  or  flatly  deny- 
ing the  facts. 

The  progress  of  medical  science  and  the  impulses  of 
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QUESTIONS. 


PART    FIRST. 
CHAPTER  I. 

1.  How  arc  the  bodily  ucllons  eludied  ? 

a.  Whst  r«clB  ni«T  we  ihufl  obliin  f 

8.  Destribe  the  ice-ch»niber  eiperitncBl,    What  does  it  ibow  f 

4.  Bow  is  tbe  strenglb  restored  Bnd  tbe  Iobb  m*di:  goo<t  t 

6.  In  nhat  rorm  is  mnltor  excreted  from  the  bodj  P 

8.  What  l»  said  at  the  absorption  of  oijgcn  T 

7.  What  is  meoat  by  tbe  pbTsiological  bataoce  ? 

B.  How  may  it  be  maiiitaincd  ?     Wliut  condilions  disturb  it  F 

9.  What  detcnniiiea  the  amount  of  Torcc  act  tree  t 

ID.  Give  an  outline  of  the  bodily  structure.  What  is  meant  by  bl- 
hiteral  symiaetry  ? 

11.  Desuribe  the  vertebral  cotuma.  What  earities  do  Ibe  bodies  of 
the  rertebnc  separate  f 

12.  What  does  the  fpiaal  eanni  contuiu  ?  How  is  the  ventral  eavity 
divided?  What  canal  traveraea  the  tno  ventral  chambers!  What  else 
does  the  abdomen  contain  }    What  the  thorax } 

13.  Describe  the  head.     What  are  contoioed  within  its  cavities  ! 

14.  What  does  a  longitudinal  eection  prove?  What  la  shown  by 
tnoBverse  fectioneT    What  is  taid  of  tbe  limbs? 

IE.  Describe  the  layers  of  the  skin. 

16.  How  does  the  skin  diOer  from  mucous  membroDe  F 

IT.  What  ia  connective  tissue? 

18.  What  is  said  of  the  muscles  ? 

10.  What  ooustitutes  the  fkcleton?  How  many  bones  does  it  con- 
lain  ?     How  are  they  faalened  together  ? 

20.  What  onobles  ub  to  stand  upright? 

21.  What  of  the  relation  of  the  mind  to  the  muscles  ? 

22.  What  organs  contrul  the  actions  of  Ihc  musoles  ?  What  special 
power  doca  the  ecrebro-epinal  axis  posBeea  ? 

as.  What  i»  meant  by  '■  special  sensationB  ?  "   Name  the  orfrans  which 
receive  only  certain  kinds  of  impressions  ?    What  are  Ibej  called  ? 
24.  What  ii  aaid  of  the  renewal  of  tigBues  ? 
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QUESnOSS. 


SS.  What  arc  the  orguu  of  klimeDtstioa  T 
!6.  Unae  the  org&ns  of  distribution  ? 
ST.  WhM  U  meuit  b;  [he  eichaop^  of  the  blood  * 
!8.  Xune  the  principal  excretory  organs.     Id  vlut  respccU  do  UieT 
nseiuble  each  other  • 

id.  WliatimportaDt  &d<liiionaI  parpose  do  the  luDga  fnlfillf 
Sfi.  What  part  doe«  the  nervoup  ST^tcm  pity  ? 
81.  Whut  is  meanl  bj"li[c"  and'"deathr" 
as.  Whut  ia  "  local  death  !  " 

83.  Whu  is  "  general  dcutL  f  " 

84,  Hov  doei  death  resuli:  F 

SB.  What  becomea  o[  the  bodj  after  death?    What  forms  may  In 
Dialler  eubsi^ueiUlj  take  ? 
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,  ^Vhat  ia  thi-ir  Ainclion  ?     How  tu 


they 

4  conUnnationa  t    How  do  the;  diOW 
aitcriea  dieposed  f 


8S.  I>eflcribe  the  enpilliri 
dbtribnted  ? 

37.  or  what  are  the  capillaric 
froni  the  Bmall  arteries  and  tgIhb  ■ 

88.  How  are  the  tD<ucte«  of  the  bit 

80.  What  does  their  contraction  el 

40,  Dow  is  their  contraction  regulated  ? 

41.  Wherein  do  the  arteries  and  veins  differ? 
4S.  Deroribe  Ihe  vakca  of  the  reins.     Uow  oiaj  their  a 

moDslrated?     What  arteries  poB«eSB  valves  * 

43.  Describe  the  Ijniphadca.  Where  arc  tbcy  disiribmeil  ?  Where 
do  they  distharge  their  contenis  ? 

*4.  What  are  the  hicteala  T     What  U  their  fonc^on  • 

49.  What  larf^Q  trunks  pour  venous  blood  into  the  heart'  Troax 
what  great  trunk  do  mot^t  of  the  arlcrics  apriogf  What  Teasels  carry 
blood  to  and  from  the  lungs?  Into  what  parts  of  the  heart  do  theao 
various  trunks  open? 

4S.  What  vessels  suppl;  the  Euhstance  of  Ihe  beart  ? 

47.  Whnt  great  ve^ol  carries  venous  blood  from  the  abdominal  ris- 
an  ta  the  liver?  What  vessels  condnct  the  blood  from  the  liver  to  the 
heart? 

48.  What  is  the  average  alxa  of  the  heart  f  What  He  shape  and  poal- 
Uoo  f    By  what  membrane  ia  it  mclosed  ? 

49.  Describethecaviiieiofilie  heart?    What  we  ihcv  called  ? 
BO.  What  is  their  relutivc  amonut  of  Tork  ? 

Bl,  What  tissue  makes  up  the  ivnIU  of  the  heart  ?  What  membrane 
lines  the  cavities  of  the  heart  ?  How  are  tbo  communlcutiiig  apcrturei 
Btrengtbened  f    What  are  attached  to  these  rings  f 

62,  Describe  the  structure  and  Btlacbments  of  the  hcnrt-valves.  What 
valves  close  the  right  Buriculo-ventrieular  apprture?  What  the  left? 
Uow  are  Ihe  free  edges  of  tho  valves  supported  ?  What  i°  ihc  action  of 
these  valves?  What  valvcg  are  aitaaled  at  Ihe  commencement  of  the 
aorta  and  pulmonary  artery  !  What  ia  tbeu'  action  ?  Dvw  may  the  ac- 
tion ol  tbe  valves  be  demoniitrated  ! 

e3.  What  is  said  of  the  rhythm  of  the  heart  ?     What  is  m 
"  Byatolo  "  and  "  diastole  J  " 
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B4.  Describe  the  working  of  Ihc  heart. 

er..  What  U  the  a--lion  ol"  the  >ri«rifiB  ? 

ao.  Whiil  eonslilutea  llie  bwkt  of  llie  heart  ? 

&7.  Wbut  ia  said  of  the  Bounda  of  the  heai  t  ? 

63.  What  consiilutea  the  pulse  ? 

GB.  Why  does  [he  blood  Jcl  from  cut  arteries? 

(10.  Why  aro  the  capillaries  pulscleaa  t 

01,  What  cauaea  the  steady  capillary  fio*  f 

fl2.  What  IB  said  of  the  Telocity  of  the  blooiI-cuTont  ? 

63.  Trace  the  caiirae  of  the  blood  from  tbv  light  auiicle.    How  U 
heart  itself  supplied? 

64.  What  is  the  shortest  complete  circuit  the  blood  cun  make  T    1 
longest  ? 

OS.  Ho*  does  the  nervous  syslom  airect  the  ciccuhiiion  ? 

Oft.  What  happens  In  bluablug  ? 

67.  [low  may  this  be  prorcd  1 

eS.  What  relatioD  his  this  niM'TOUB  cottlrol  to  disease  ! 

09.  What  relatioa  does  the  heart  bear  to  the  nervous  Bystom  J 

10.  How  may  the  movements  of  the  heart  be  directly  observed  F 
Tl.  What  is  tbu  proof  that  the  blood  circulates  f 
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72.  How  may  we  obtain  blood  for  examination  ? 

73.  How  does  it  appear  lo  the  naked  eye  ?  How  under  ihe  poeket- 
lena  t  What  bikes  place  when  a  drop  is  ie'tl  to  itself?  What  is  the  ef- 
fect of  salt  upon  it  ! 

74.  How  many  ItinJd  of  corpuaelca  docs  the  blood  contnin? 

75.  Deaeribe  them. 

78.  What  is  the  structure  of  the  red  corpuscles  ? 

77.  What  are  the  peculiaiities  of  the  white  corpuscles  ? 

78.  How  may  the  real  nature  of  (he  corpuscles  be  determined  ? 

79.  What  is  supposed  to  be  their  oripn  ?  What  is  said  of  tlio  eor- 
puscles  of  the  lower  animnls  ? 

BO.  What  occurs  to  the  corpuscles  when  the  blood  dies  f 

81.  Bow  are  lilood-cryatils  fornied? 

83.  What  is  meant  by  coB([ulDtion  ? 

53.  Into  what  constituents  docs  the  blood  separate  ? 

54.  What  is  the  buffy^oat  ? 

85.  What  conditions  influence  coagulalion  f 

SO.  What  is  the  nature  of  the  procefs  ?  What  causes  the  blood  to 
ooafcuUte  ? 

87.  Name  some  of  the  physical  properties  of  the  Wood. 

88.  What  is  its  chemical  DompoaiiionT 

89.  How  does  age  inBuence  the  blood  •    Sci  ?    Food  ? 
DO.  Whnt  is  the  totul  amount  in  the  body  t 
Bl.  What  is  the  function  of  the  blood  F   To  what  does  it  owe  It*  rifl- 

fyinc  inflnence  ?    What  is  said  of  the  iraaafutioo  of  blood  ? 
n.  What  of  the  lymph? 


m  laid  at lujin^mj  rmmmt 
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.  Wist  &re  the  iiiceBsantl;  active  and  intermilteutly  Active  sources 
and  guin  10  tbe  blood  F 

134,  Give  the  ponitioii  and  inatoioy  of  tho  kidnofi. 

135.  What  is  the  composiLion  of  the  renal  eicretion?  Wliut  ia  i(s 
nrage  daily  amount  *    Its  average  ipccilic  Rravitjr  1 

lUS.  In  wlwt  re^peota  are  the  luog^  and  bidncjd  alike  t 

137.  Deaorlbe  the  structure  of  the  kidne;. 

138.  What  is  said  of  ita  BlteriDg  mechanism  ? 

isn.  FioBi  what  Bource  are  tbo  kidneys  aupplied  «ith  blood  ?  How 
do  Ihey  (.-hani^  the  blood  ? 

140.  llow  la  the  fieretorj  action  of  the  kidneys  controilt  d  ¥ 

141.  What  does  the  blond  lose  through  the  aliiu  t 

142.  What  quantity  of  matter  in  thus  lost  t  What  is  the  composillon 
felC  the  sweat  r 

143.  (^Te  the  conditioca  of  its  e^cnpe. 

144.  What  isEsidoftho  sitoal-gliiuds  <     What  of  Ihdr  dUtribution  T 

146.  Uow  U  the  action  of  the  aweat-glande  controlled  f 

145.  What  coaditiuna  increase  the  atnotint  of  perspiration  T 

147.  In  irhat  re!speota  are  the  lungti,  kidneys,  and  skin  alike  f 

148.  What  does  the  blood  lose  in  the  Urerf  What  does  it  gun  • 
DeMiibe  the  liver.  With  what  great  resf^ets  is  It  counected  ?  Give  its 
Interns!  anatomy.  What  route  dm-a  the  blood  take  in  its  passage  through 
the  lirer  ?    What  is  said  of  the  llvcr-cella  ? 

149.  What  is  their  function  ? 

leO,'  What  ia  the  daily  quantity  of  bile  cicreted  f     Its  compofilion  1 
lEl.  What  ta  Che  source  of  the  bile? 
loa.  What  organs  furnish  the  blood  with  oxygen  ? 
1S3.  What  does  tbo  blood  gain  in  the  liver  ?     What  does  it  loi'e  ? 
Ifi4.  Dow  may  the  sngar-fonning  power  of  the  liver  be  proved  t 
156.  What  does  the  blood  gain  from  the  lymphatics  f     What  of  the 

"  ductless  elanda?" 

me.  What  is  said  of  the  spleen  ?    What  is  ils  supposed  fuootionf 
107.  Through  what  ehannela  does  the  body  lose  heat?     What  is  the 

BDurce  of  bodily  heat  ? 

inH.  How  is  the  heat  of  the  body  equalized  ? 

1169.  How  does  evaporation  oflect  the  temperature  ? 
'      160.  What  relation  has  tbo  nervous  system  to  temperature  ? 
•     Ifll.  What  is  Boid  ofthe  action  of  the  glaodsl     Wbut  is  the  duct  of 
',%  gland  ■     What  are  racemose  glands  i     What  determines  the  activity 
«f  certain  glands  ! 
102.  Id  what  way  are  the  salivary  glands  called  into  action  f     What 
li  the  character  of  their  secrotion  ? 
103.  What  does  tbe  blood  gain  from  the  muscles  t 
•  : 
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194,  What  is  another  great  source  of  gain  to  the  blood  P 

IBS.  Bow  much  solid  material  doea  a  man  duly  receive  1  How  much 
oxvgen  ? 

lao.  What  if  tbe  doil;  loss  of  dry  solids  1  In  what  shape  doea  tbe 
balance  leave  the  body? 

167,  How  are  foods  classified  ?  What  are  Proteids  F  Give  examples. 
20 


456  QUESTIONS. 

What  is  Ibe  comiloalliciB  or  fi 
amples.  What  ia  mcuDt  by 
foocl-BtoflE  ? 

IBB,  What  ia  the  compoflilion  of  the  vitiil  fooJ-atufisT    The  mmeral 
food-stuffs f     What  coastilntea  a  permanenl  food? 

189.  Wh«toci-urB  if  protein  iB  not  supplied*    What  tB  8»id  of 
neceaaity  of  other  food^tiiHi  ? 

no.  What  is  meant  l>y  nilpogon  starTBtion  ^ 

lil,  173.  What  are  the  difladvontages  of  a  pupclj  nitrogenoDBdietfi 

173.  WliT  ia  a  mixed  diet  desirable  f  ' 

174.  What  conaUtutea  a  miied  diet  t 

175.  What  IB  Boid  of  the  intermediate  changes  of  ihe  food 
17fi.  What  are  the  ohjecUons  to  the  ordinary  clnwiificaliotia  of  foodf' 

177.  What  IB  the  purpose  of  the  alimentary  ajiparaluaf 

178.  Describe  the  carity  of  Iho  month  and  pharynt     What  uigu 
do  they  conlain  I    Name  the  openings  into  the  pharvtix. 

17B.  Give  the  oamea  and  positioDB  or  tbo  diSereot  Balivary  glaodi 
Bo*  does  the  nalira  affect  the  food  ? 
ISO.  Deseribu  t)ie  teeth. 
181.  Describe  the  worliing  of  the  j'bwb. 

152.  What  oocurs  to  the  food  during  mastication?     Describe 
operation  of  awall owing  ? 

153.  How  are  Suids  swallowed  1 

184.  Deseribe  the  Blomach.   What  is  the  character  of  its  lining 
branef    What  glondti  does  it  eontain?     What  fluids  do  these  gl 
poor  out  T    What  are  ttic  properties  of  the  gastric  juice  f 

185.  What  ia  meant  by  artificial  digestion? 
18B.  Describe  the  proceBS  of  OBmoaia. 

187.  By  what  routes  does  the  fnod  leave  Ihe  gtomaoh  T 

188.  What  IB  BBJd  of  the  intestines?  How  are  they  diridcdT 
la  the  iIco-c£ecal  tbItc  situated  ?  Wbat  is  the  ciceum  t  The  tei 
appendix  ? 

IBB.  What  glands  are  foand  in  the  intestinal 
What  other  Btruclurea  f 

190.  What  is  peristaltic  contrattion  ? 

191.  What  tjlands  pour  their  Bccrelions  into  th< 
ia  said  of  the  chyoie  ? 

1B2.  What  13  chyle?  How  doss  it  differ  from  chyme?  What 
does  the  chyme  undergo  in  the  intestine  ?  What  juices  dTeet  thia  i 
In  what  way  does  the  chyle  reach  the  blood  ? 

193.  What  is  going  on  in  the  Inrge  intestine  ? 
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194.  Wbat  is  meant  by  the  "  rital  eddy  ?  "  What  maintains 
tire  powers  of  the  body  t 

IBS.  Id  wbat  way  are  the  actiricics  of  the  body  mauifested? 
is  locomotion  ?    Name  the  organs  of  mo^on, 

ion.  Describe  the  cilia.    Bow  do  they  act?  Where  are  they  *i 

197.  Bow  do  tbe  muscles  give  rise  to  motion?  Into  what  twc 
may  the  muscles  be  divided  * 

198.  What  Is  rigor  mortis  ? 


eral 
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19fl.  What  is  (he  chemicBl  ooraposition  or  muscle  ? 

aOO,  201.  What  muBtles  ire  Dot  atbicliod  to  solid  levpre  1  Wlial  u 
le  ciioracier  of  tbeir  &biiia  f    What  ia  said  of  itieir  oontnctiuns  ? 

802.  What  muscles  ore  BtUMicd  to  iolid  levera  f    What  ia  a  lerpr? 

203.  How  manj  ordera  of  levers  are  described  F  What  is  a  lever  of 
to  first  order  t    Of  the  second  order  *     Of  the  third  order  f 

!(H.  Wbat  tevera  of  the  6rat  order  arc  fouod  in  ihc  bnmso  body  ? 

206.  What  of  the  second  order  • 

206.  Whatof  the  (bird  order? 

Bo7.  How  may  a  single  part  of  the  bodjr  represent  the  three  kinda  oi 
Iters  T 

208.  now  msnj  kinds  of  Joints  are  found  in  the  human  bodj  ? 

SOa.  What  ace  imperfect  joint!  f 

810.  Describe  the  Htruciure  and  moTemenla  of  a  perfect  joint  ? 

211.  What  are  inter-articular  curlilugps  * 

212.  What  ate  balUand-floctel  joints  f 

213.  What  are  hinge-jotats  ? 

21*.  What  is  a  piyot-joinl  ?  Give  an  example  from  the  human  body, 
describe  the  boues  of  the  forearm.  How  are  ihvy  articulated  toiietber? 
What  is  meant  by  pronation  and  supinntiony 

215.  What  are  ligaments?  How  do  the  ligaments  diSbr  in  the  dif- 
ferent joiots  1     What  is  said  of  the  bip-joiuta  ? 

216.  What  different  movements  are  the  joints  capable  of  executing  ? 
al7.  How  are  these  movamenls  effected?     In  what  way  are  they 

limited  T 

ai8.  What  is  meant  by  the  origin  and  insertion  of  a  muBcle  ?  How 
are  the  muscles  attucbed  to  Ihe  bones  ?  Wbat  direction  dues  the  ajtia 
ofa  muscle  usually  take?    The  eiceptions? 

SIS.  Describe  the  operation  of  walking. 

22u.  When  does  a  man  walk  with  Icattt  eHbrt? 

221.  What  is  said  of  mnning  and  jumping  ° 

1'     222.  What  conditions  are  essend^  to  the  production  of  voice  F 
SSS.  Describe  the  vocal  chorda  ? 
234-  What  eanllages  enter  into  the  stniclure  of  (he  larynx  ? 
22K.  To  what  are  Ihe  vocal  UgamCDts  attached  f 
230-  Describe  the  muscles  of  the  larvni.    What  does  their  action  ef- 
fect ?    Hnw  are  nmsieaJ  notes  produced  ? 

227.  When  will  the  musical  note  be  bw?  When  hi^h?  Upon  what 
does  ranjtP  of  voice  depend?     Upon  what  the  quality  of  voice? 

228.  What  is  ancecb  P    How  is  the  vnice  modulated  ? 

239.  What  is  aaid  of  the  vowel  sounds  P  What  of  cnnBouant  eounils  ? 
Wbat  sounds  require  blocking  of  the  air-current  ?    What  are  eiplosito 


CHAPTER  Vin. 


232-  How  are  the  muscles  made  t« 
2BS.  What  calls  (be  nerves  into  ac 
234.  What  is  reflex  action  ?  Whi 
LB  cUsaed  ? 


m  f     With  what  a 


S61.  Wint  Hnda  m«  werteJ  «riib  the  tjnipcw*  BBabcnBt 

»4.  m>t  confitiM*  n«  MBMWi?  ta  Ik  pradadiaa  of  MKBd 

£5S.  How  do  ilie  kcrW  vibratiaM  alM  ibe  trmfjamc  aitaahnrntl   ] 
Into  *bmt  tvoldodsfif  nbniione  wa;  bodica  b«  lbra"B  T 

U4.  Which  m  aoppOMd  (o   h  Miwiiil    ib«  iafnlsc*  of  Ibt  a 

257.  tlncribe  die  kctkoi  of  tlie  ui£tar7  nwch*. 

258.  WIwi  pBtt  of  die  ear  ii  ■uppoaed  to  rceoffniia 
aounia  i    Wbai  part  is  coimrnMl  iriih  the  qualiiT  orwmiMls  i 

iM.  What  U  the  protiable  ranctioii  of  the  Gbrts  of  Corti  f 
1t60.  What  u  the  porpoae  of  tbe  Eustachiaa  tubei ! 

CHAPTER  IX. 
SSI.  Dewribe  the  general  Etruciore  of  the  ere. 


2fl3.  naeribe  the  miuroscofnc  

•164.  Whal  U  the  fanclioQ  of  tbe  retioa  1     9ihU  is  utid  of  ibe  Wn- 


SAG.  In  what  reapecM  do  different  parta  of  Ihc  retina  diiTer  t  What 
b  Uie  blind  apot  T 

2S3.  What  U  uid  of  tbc  duration  of  lutninonB  impresaicma  F 

367.  Can  the  Tetina  became  eiliauated  t    What  are  i:oiu  piemen  la  r; 

its.  Wbal  is  color  blindnosE? 

209.  What  appearance?  arc  produced  by  pressure  ujion  tlie  eyeball? 

iW.  What  la  the  fiiaciian  of  the  rods  aud  cones  1  What  are  Pur- 
I  «,;>'.  j^™/ 

271.  What  is  aaid  of  tho  rormatioD  of  nsual  Ideu  ? 

2T3.  What  phjBical  agent  give9  rise  lo  vision  ?  What  is  a  oonvex 
tens  1    Describe  the  eiperiment  with  the  candle  and  lens. 

S73.  What  U  meant  bj  the  "Tocub?"  niiat  is  a^juetnont  of  the 
eye?  When  does  the  lens  give  a  dwliuit  picture  r  What  Is  the  effect 
of movinetho  object' 

ST4.  What  follows  froiQ  varying  the  convexity  of  the  lens  *  What 
rdation  does  conveiilj  bear  to  the  focas  t  How  itoes  a  cooici  surface 
aRect  ths  rnya  of  light  1  Dusc^ribe  (be  eiperiiucnt  with  the  watch-glasa 
and  water-box.     What  ia  a  camera  obevura  f 

S75.  What  organs  must  the  light  pBSj  tlirough  lo  reach  the  retina? 
aire  the  structure  of  the  ejebalL 

271^.  What  are  Ibe  bninors  of  the  eye?  By  what  organ  are  tho 
humors  sepamled  ?    Describe  the  crystallioe  lona. 

277.  Describe  tliP  choroid  coat.  What  ia  its  poaitiou  ?  Where  are 
the  aliary  processes  situaled  ? 

878.  Describe  the  ira.  Where  is  it  situated  P  What  of  the  ciliary 
'  araBcIe  ?    What  rekiiou  has  tho  iris  to  the  leus  ? 

270.  What  ia  the  om  aeirata  f 

280.  no*  does  the  eyeball  resemble  a  waWr-camcra  T 

281.  How  is  the  focus  adjusted  in  a  camera  obscura  ?    How  in  the 

882.  Deflcribc  iho  eiperiment.    What  does  it  show? 
2as.  What  is  aoiil  of  the  mechmiaui  of  adjaatment  ?    What  are  the 
'Acta  of  adjustment?     What  eipUnatioua  of  the  proccea  have  been  ot 
■  •irad  •    Which  is  the  most  probable  ? 

28-1.  What  limits  the  power  of  a4Justn>eDt  ? 

286.  Name  the  muscleH  of  the  eyeball.  What  are  their  respective 
poaitiona  ?    What  docs  their  action  effect  ? 

""'.  Describe  the  structure  of  the  eyehda  ?    What  mnacl«i  move 

Describe  the  lachrymal  ap- 


CHAPTER   X. 

iS.  What  is  meant  by  a  aimple  sensaiion  ?     ^fhat  is  the  character 
of  moat  of  oor  seoaalious  ? 

!8».  What  senaatioDB  are  the  Eimplctit? 

290.  Of  what  does  a  tactile  sensation  consist  ? 

291.  What  is  said  of  eomple:(  seusations  and  jtidpncnta  f 

S93.  Why  ace  delusions  of  the  aensea  linpoasible?     What  ia  said  of 
elusive  Judgmenle  ? 


MS 


QUKtfFIONS. 


!B3.  What  are  Bntyeclire  tenMtiona  F    Wliat  examples  are  gimf 

S91.  Rdale  tlie  caae  of  Un.  A .    What  Ksiaei  ircre  implicat«d  t 

To  whai  dau  did  brr  pccnlisr  senaatioiu  belong  ? 

Sits.  What  condiiioDB  seamed  to  Uror  their  deielopmeot  *  What 
preiCBted  ber  fonning  TaUe  judi;iiieiit«  f 

i9i.  Vivre  bcr  «en«»  tftlij  at  fauU  t 

297,  How  ma;  outside  cause*  pte  rise  to  delnsitc  judgmmts  ?  Give 
an  example. 

SU8.  What  is  said  of  Optical  delnaoos  T 

SOS.  What  ■■  meatit  hj  the  cplit  axitf  Hor  ia  the  position  of  a 
phosphenc  accooDled  for  ? 

SOO.  What  ia  aaid  of  the  inTcrsioo  of  vimial  ia*g««  ? 

sol.  Bow  do  objects  and  thiir  visual  imager  correepoiid  m  nuiobrr  f 
What  is  the  action  of  nmltipljing-glassea  * 

Siii.  Upon  what  does  j)er*p«(ii'B  depend? 

Sli3.  [low  dots  the  dietance  of  an  obj(<ct  aBeL't  its  vixual  UnageT 
How  do  cnnvei  and  concave  glasses  affect  it* 

304.  Wh;  do  the  sun  and  mooD  look  larger  near  the  horiion  T 

SOS.  What  is  eaid  of  the  judgmeDt  of  form  h;  shadows  T 

806.  What  is  the  priocipleof  tbc'AaunuJrti^/ 

807.  What  i«  the  eiplanation  of  squintiDg  t 
SI)8,  Give  the  principle  of  the  pttudotcope, 
809.  WhfttOflheihwoKope/ 


CQAPTER   XL 

810,  or  what  in  the  bnik  of  the  nervous  ejMtcm  mnde  u) 

811.  What  two  Sf  Items  constitute  the  nervous  apparalusT 
SIS.  Describe  the  structure  of  nerve-fib re9  and  nerve-cenlreii 

813.  Where  is  the  crrebro-tiprniJ  aiii  Iwnted  ?  What  membmn 
Mparates  it  from  the  twne  T  What  other  membmues  surround  the  brain 
and  curd  T 

814.  Describo  the  Bpinal  cord.     How  is  it  dividedT    Describe  th*    I 
roots  of  the  spinal  nerves. 

8IH.  What  docs  a  transverse  eectioa  of  the  cord  ehowT 

816.  How  do  grajf  and  white  matter  dtOer  f 

817.  Whnt  follows  [he  irritation  of  a  spinal  nerve  ? 

818.  What  are  the  fimctiona  of  the  sntcnor  and  posterior  roots  T 
SIB.  What  results  from  cutting  the  anterior  root  of  a  spinal  aerref 

The  postCTior  root  f    Both  roots  F 

3S0,  Bow  are  imprepsions  propagated  along  Iho  nervea  F   What  is 
afftrad  nerve  F    What  is  an  efferent  nerve  f 

831.  In  what  respects  are  the;  alike  F 

332,  What  occars  when  the  Spinal  cord  is  cut  across  F    What  when   J 
the  end  remote  from  the  brnln  is  irritated  f 

833.  What  power  does  the  corf  possess  independcnilj  of  the  brwn  F 

834.  What  is  snid  of  the  distribution  of  reflex  effects  F 

8SS.  Do  all  parts  of  the  cord  possess  a  like  eonducling  power  F 
880.  What  is  said  of  the  conduclinf;  power  of  the  gray  matter* 
827,  What  special  functions  have  ccrtaui  regions  of  the  cord  I 

328.  Deseribo  the  mf^Mlla  oMon^aia,     What  OBvit<r  does  it  conL 

What  overhangs  this  oarit/ »     What  is  the  poiu  Vamliit    Into  what  I 


463 

pftriB  do  the  GbreB  of  tbe  medulla  pass!  What  d?viL( ions  are  found  be- 
tween the  crura  cerebri  ?  Where  is  the  third  ventricle  ritnaied  T  lata 
what  masses  of  nerrouB  matter  da  Ibe  crura  cerebri  pass  ?  Where  is  the 
jiwo/ ofamJ  located  ?  The  pituitary  bod;/ ?  Where  are  the  (fl/<ra/ tm- 
Iritia  situated  f  What  forms  the  flinr  of  the  lulerul  Tentricles  T  What 
i«  Baid  of  the  hemiaphorcs  of  the  brain?  How  are  Ihey  connected? 
What  i«  eaid  of  the  outer  eurfaces  of  the  bemi^pheree  i, 

I  SSO.  How  are  tbe  white  and  gru;  niBttor  arranged  in  the  tDedulla  ob- 

IcmgalaT    In  the  cerebellum  and  cerebral  hemisphereBF 

'  330.  How  saaay  ptin  or  nerres  are  given  off  from  tbe  brain  T    Name 

the  first  pair.    The  second.    The  third.     In  what  muscles  is  the  third 

C  distributed  *  Where  are  the  fourth  and  eiith  palrg  distributed  f 
ribe  the  origin  and  dialribmion  of  the  fifth  pair.  In  what  muBclea 
does  the  seventh  pair  tcmiinste  ?  The  eighth  pair  terminate  ?  What 
la  the  function  of  the  ninth  pair  ?  What  organs  does  the  tenth  pair  eup- 
pl7  ?  Describe  the  course  of  the  eleventh  pair.  Give  tbe  origin  and  dis- 
tribution of  the  twelfth  pair. 

831.  What  is  said  of  (he  olfaclory  and  optic  nerves  f 
S32.  What  effects  follow  injuries  of  the  medulla  oblongata? 
say.  What  direction  do  the  aBerent  impulses  lake  in  tbe  medulla  ob- 
,   longata  T     Give  the  course  of  the  fibres  in  the  anterior  pjraoiids.     What 
wotild  be  the  effect  of  dividing  one  of  the  crura  cerebri  ? 
834.  What  is  the  function  of  the  cerebral  hemispheres  t 
335.  What  h)  said  of  the  reflex  nction  of  the  brain  1 
836.  What  takes  place  in  rending  aloud  f 
SST.  What  is  meant  bj  "  artificial  refiex  actions  f " 
S38.  Wbat  is  said  of  the  •ympalfidk  ij/alcm  f 


CUAPTER  XII. 

SSe.  What  is  said  of  the  microscopical  onalTsis  of  the  tiesuea  f 
8W.  What  U  tbe  early  primitive  structure  ol  the  body  f 

841.  What  is  the  character  of  the  epldennis  and  epiiheUumr  Bow 
do  these  tissuefl  grow  f  What  is  ignamout  epithelium  f  What  kind  of 
■pithelium  lines  the  alimentary  canal  ?     What  is  ciliated  epithelium  t 

842.  From  what  kind  of  tissue  are  tbe  naila  dereluped  y 

343.  Of  what  arc  hairs  composed  ?  Describe  their  growth.  How  are 
Uie  hairs  kept  supplied  with  oil?  What  is  meant  by  horripi/aiion,  or 
"gOD8&«kin  t " 

844.  What  is  the  Btnicture  of  the  eri/ilatliiu  lent  f 

846.  Of  what  is  cartilage  composed  1 

346.  What  b  Uie  structure  of  amtiativt  Hituef  How  is  it  affected 
}>j  being  boiled  in  water  t  How  does  acetic  acid  affect  it  *  What  is 
Jibra-tartUagt/ 

847.  Deecciba  the  structure  of  ligaments  and  tendons, 

843.  Describe  fat-cells. 

340,  What  are  pi^cnt-cells  ? 

360.  Delcriho  the  minute  structure  of  bone.  What  are  iaeiirurf 
GmaliatHI  What  were  the  lacunio  once  eupposed  to  be  f  Describe 
the  Hateman  canals.  IVhat  is  perioilcumf  What  U  found  in  the 
ovitiea  of  the  bones  f 

8SI.  Bow  do  bones  grow?     What  are  futures?     In  what  kind  of 


erial  are  bra;  nuUets  first  dppoEnl«d  f    What  i*  iiMant  by  ttmtm^ 


SU.  How  an  tbe  tertli  dereloped  ?  Wliich  u«  the  decidDOiu,  at 
Bilk-leetfa!    Wlien  do  they  appeuF 

SM.  Bov  m  the  perautwnt  te«ih  foncEd  •  How  divided  1  Wbcn 
do  Ihej  be^  to  appearf     How  long  before  llir  bc(  is  completcil  > 

8S5.  What  two  kiiub  of  mmcles  are  found  in  the  bodf  T  Of  what 
■re  llie  etriated  composed  f  niut  is  a  f atria/  The  tartaUmmal 
What  doe*  it  inclose  1  Of  what  ia  the  cootractUe  mbaunoe  made  sp  t 
What  ia  the  slnictnre  of  smoolh  muscle  f 

850.  Uliat  are  tbe  clemeaU  of  nenre-tiisiie  ?    Dfscribe  the 
of  a  nerre-fibre.    How  do  the  ncrTe-Sbree  leiminate  T 

8S7.  What  it  a  tortile  corjmtdtl 

S08.  What  is  the  stnictare  of  the  olfaclorj  nerves  ? 

3S9.  Where  arc  gtnglionif  wrpuiAa  found i    What  U  thcdr 


CHAPTER  XHL 

SfiO.  OWe  tbe  weight  of  the  diOcrcnit  parts  of  the  bod;.  How  maeh 
of  (he  bodj'  U  water?  Qow  much  solid  mailer?  What  do  tlie  solids 
consist  off  'What  would  be  the  lotoses  of  Fuch  a  bodi  in  Iwenlj-lbur 
hours f  ThroDgh  what  orgam  woald  these  laefC)  occur?  How  luuch 
does  the  body  pio  in  (nenlj-four  bonn  ? 

SSI.  What  enbetaDces,  and  how  much  (^  each,  does  the  bodj  dailj 
teqaire  ?    Id  what  forms  could  these  be  conveoientlj  obtained  t 

SflS.  Bow  much  blood  pastes  through  the  heart  per  minute  f  At 
what  rate  does  it  flow  in  the  lai^  arteries  ?  In  the  capillaries  ?  What 
ii  the  daiW  work  ofUie  left  rentride? 

Sfl3.  How  much  air  passes  throngh  the  lungl  in  twenlr-lbar  faouis  ? 
How  ia  tt  dtanged  in  the  passage  T  What  Aaa  llie  body  lo^e  bj  re«idr«- 
tioD  In  twenl^-foar  hours  ?  At  what  rata  doofl  tbe  reapiration  of  a  ain- 
^  person  vitiate  the  eitenial  air  F 

8tt*.  How  mutb  matter  ia  loat   through   the  skin  in  twentj-lbiir 

SBS.  How  much  bj  the  kidneys  ? 

SBS.  What  is  the  velocity  of  a  nerrous  imput^c? 

SOT.  What  ia  the  f\te  of  the  btuod-corpuscUs  in  manf  What  Iba 
thickueasof  his  muBcular  fibres?  What  the  breadth  of  ucire-fibres  ?  OT 
oonnectiTC-tiseue  fibrils?  Of  epithelium -icales  !  Of  capillary  Uood- 
veflsclB  ?  Of  the  cones  in  the  yellow  spot  1  How  long  are  the  cilia  of 
the  wiiid[dpe  T 


iRT     SECOND. 


CHAPTER   XIV. 


P 


808.  Of  what  praolie«l  value  ia  a  knowledge  of  physiology  I  What 
|g  eaid  of  its  impoituif  o  ? 

8Sfl.  What  were  sorno  of  Uio  old  nolione  regarding  dlaeaao !  Hon  did 
BQcb  liewa  affect  llie  commuiiit}-  f 

S10.  What  is  the  true  idea  of  beollb  and  discasv  T  Hon  !e  this  illus- 
tnlod  in  the  cose  of  gout  f 

371.  When  do  the  agencies  of  health  become  sources  of  disease  T 
What  IB  the  oWef  value  of  hygienic  knowledge? 

an.  Name  some  of  the  resulla  that  hare  followed  its  application  T 

873.  What  ia  said  of  its  lalue  as  a  remodial  means  ? 

371.  What  arc  the  chief  sources  of  ill  health  1 


CHAPTER  XV. 

BTfi.  Niime  the  chief  constiluenls  of  the  atioospbere  ? 

B76.  What  are  its  minor  conaiiluenl*  ? 

877.  What  is  the  office  of  the  air  In  respiration  1 

S78.  What  is  said  of  it  as  a  purifying  agent  F 

879.  How  is  the  air  rendered  impure  f 

S80.  How  do  atmospheric  inipurities  aflect  the  senses  f 

381.  What  is  said  of  carbonic  acid  as  an  impurity  t  In  what  propor- 
tion is  it  thrown  out  from  the  lunj^  ?  From  what  other  sonrocs  does  the 
til  of  apartmcDls  receive  U  t    What  does  an  excess  of  it  denote  F 

383.  What  is  the  i;ir<H.'t  of  air  saiumted  wiib  moisturD  J    Of  dry  air  ? 

383.  In  what  form  is  organic  matter  found  in  the  ait?  What  are 
some  of  Its  sources  F  By  nbst  moang  may  we  determine  its  presence  7 
What  is  said  of  Ha  presence  in  the  air  of  sick-rooms  and  hoi^piuJe  f  Bow 
doci  it  alfect  the  system  ? 

384.  What  suspended  impnritieB  arc  common  in  the  air  • 
886.  What  impurities  enter  it  from  sewers  and  cesspools  ? 
3SB.  Wbat  oontamina lions  are  found  in  the  air  of  marshes  T 
SST.  What  ia  said  of  the  air  of  cellars  * 

389,  What  is  the  general  effect  upon  the  body  of  impure  urT 

389.  Wbat  is  said  of  impure  air  and  consampUon  F 

390.  What  effect  has  impure  air  upon  the  scrofulous  f  Relate  thA 
case  of  the  Norwood  SehooL 

391.  How  does  air  contaminated  by  certain  trades  affect  Iho  health  t 

392.  What  is  the  effect  of  inhaling  air  containini^  organic  imporitiee  ? 

393.  How  docs  impure  air  affect  the  course  of  dUeise!  ^Vhat  is  of 
the  first  account  in  the  treatment  of  febrile  comphunts  F 

am.  What  are  the  eOects  of  a  sick-room  atmosphere  F 

S9S.  What  is  the  effect  of  impure  air  upon  the  mind  F 

SBB.  How  does  Nature  purify  the  airF 

397.  What  is  the  object  uf  ventilation  F     How  may  pure  air  be  best 


trfjl     T      '       ^»i' 


«SS.  T^  ■  iMirffciMhiT 


WhM  of  Ike  bw  M  aftklM  af  &t  * 

Wbsl*i 

Tovtata 

What  an  Ihr  miaenl  ■! 

Wfaji  i*  *  mixti  dJFt  MMwat?  * 

Wlui  I*  Mid  d  m9k  ■•  (bod  ■ 

or  bvttcr  uh)  ebccw  ? 

Wluti  ii   th«  ooraporiluo  of  eggs,  nd  bow  tbcwld  tbej  b« 


QnESTIONS.  467 

480.  WUal  peculiarity  do  poultry  and  game  preeetii  ? 

430.  How  ia  the  fltsh  of  Gah  regarded  iH  foodf 

437,  iss.  Whit  ID  Biiid  of  uraba  and  lobaiera  ?    Clams  and  ajsters  1 

439.  Wb;  is  nliuat  auch  B  valuable  food  F 

440.  How  does  rje  compare  with  wheal  f 
411.  Wbat  of  buckwheat  ? 

443.  How  dues  Indinn-com  differ  from  wheat  and  rye"! 

443.  What  are  the  properties  of  oatmeal  ? 

444.  What  advaoUige  doea  rice  posfieas  over  oilier  foods  • 
440.  What  ia  said  of  peas  and  beans  1 

446.  Give  the  camposltion  of  potatoes.  Whj  should  the  aucculeal 
VegeUblea  bu  eaten  wilb  moat? 

447.  What  ia  said  of  the  fruits  ? 

445.  What  are  auxiliar;  fouda  f 

449.  Wbat  Biibataaces  come  under  the  head  of  condimenta  T 

400.  Why  is  tea  valuable  as  a  beverage  ?  How  should  it  be  made  T 
Wbat  ia  its  aotioo  ?    How  id  it  adulterated  F 

4BI.  Wbat  ia  the  composition  of  cuBee  1  How  should  the  beveraga 
be  prepared  f 

4B2.  What  is  said  of  eocoa  and  cbocohile? 

453,  Wbat  should  cooking  aim  to  accomplish  f  Why  should  over- 
cooking be  avoided? 

454.  How  doea  boiUng  affect  meat  ?  How  should  the  prooeaa  be  con- 
duetedT    What  ia  aaid  of  roasting  ?    Stewing?    Frying? 

406.  How  should  vegetables  be  cooked  ! 

4aQ,  What  are  some  of  the  eDects  of  over-eating  ? 

407.  Wbat  are  the  effects  of  deficient  diet? 

459.  What  amount  of  food  is  d^y  required? 
409.  What  results  from  a  badly-con stltul^d  diet? 

450.  Wliat  U  said  of  a  diet  deficient  in  fat  f 
461.  What  constitutes  unwholeaome  food  ? 

4aS.  Give  an  account  of  the  cysticercua  cellulosug.  Of  Ihe  tlichitia 
tpintlis. 

CHAPTER  XVUr. 

403.  What  is  said  of  (he  purposes  for  which  clothing  is  worn  ? 
4B4.  What  of  linen  aa  an  article  of  cli>thiDg  ? 

460.  How  does  eotton  differ  from  linen  ? 

466.  What  are  the  properties  of  woolen  elothing?  Its  relations  to 
moiatorc  ? 

4U7.  How  docs  color  iofluence  the  character  of  clothing  ? 

4fiS.  What  ia  of  more  importtncii  than  the  churacter  of  the  fabric  ? 

460.  Why  ahould  clothing  be  light  ? 

470.  Why  ahould  it  be  worn  loose? 

471.  What  is  said  of  compressing  Ihe  chest  and  abdomen  t 

472.  What  resuUa  from  compressing  the  feet? 

473.  How  is  uniformity  of  lempe'ratore  to  be  maintained  ? 

474.  How  is  a  part  affected  when  bsbitually  overheated  f  Whj  ia 
over-dressing  the  throat  pernicious  ? 

470.  What  ia  said  of  wearing  fiannci  next  the  akin  ? 

476.  How  should  children  be  clothed  ? 

477.  Why  should  the  aged  \ie  well  proleoled  ? 


:«  mfluescc  apoa  respiration  ?    Wbj  should  we  « 
Wb;  is  immediUe  e 


CHAPTEa  XIX. 

4TB.  What  rendcn  it  endent  that  id 
419.  What  b  uid  of  Ubor  T     W  lul 
does  it  affect  the  individoal  * 

480.  How  doe«  eiercite  nmedj  the  eril  ? 

481.  DMcribe  the  truiaforiiistioa  ot  phjtiotogiol  ft 
483.  Whj  u  halHtiul  exercise  'miiguraUng  f 
483,  How  doee  eiereuie  illecl  the  circulalioii  f    Hav  (he  I 

iS4.  WLat  ii 
ciM  in  pure  air  T 

489.  Bow  doea  eserdae  aflect  dige«i( 
cite  after  a  Tull  meal  injuiioui  J 

480.  What  ia  the  eOeci  of  cxerciM  upon  the  fkin  F 

487.  How  ehould  eierciae  be  regukled  T 

488.  What  are  the  moet  faTorable  comlitioDs  Tor  eierdseT 

489.  Why  ia  over  -  exercise  injurious?  Bow  is  prop«»  rft  ta  be 
secured  t  How  elioold  exercise  be  maus^ied  after  sickn^ !  How  docs 
over^eierdM  injure  ^e  ejsleni  ?     Vihj  does  it  partioulu^  iqjore  the 

490.  What  are  (he  cnnseqaciicea  of  inaafGclcnt  exercise?  Deecribe 
its  opersti'in  in  dlfibreul  drcuniKtancea. 

4111.  What  if  uiid  of  the  amount  and  condilioDs  of  exercise  F  What 
course  should  the  sedenlat?  pureuc?  Why  is  poie  air  specially  necee- 
■ary  during  eicrcise  f 

493.  What  is  (he  value  of  Ihc  ''  ' " 


CUAPTKB   XX 

493.  Why  is  menial  health  a  physiulopical  question? 

494.  'What  is  said  of  the  olGce  and  dinuges  of  the  brain?  What  is 
the  effect  of  diaturbin^r  ita  nonnal  movemeat  ?  Describe  the  mntoal  re- 
lations of  the  mind  and  brain.     What  ia  remarked  as  to  luateiiiilitm  ? 

495.  What  coDBtilates  diiutut  /  What  error  is  to  b«  yarded  against ! 
How  ia  mental  disease  to  be  regarded  ?  On  what  is  mental  hy^aoe 
foohded  ?    What  is  its  proTince  ? 

496.  Why  are  the  causes  of  cerebral  impahmmt  varied  and  ocim- 
plex  ?  How  are  they  UBiially  divided  ?  Wbnt  arc  prcdisposin);  caOHa  1 
Exciting  cADSea ?  What  error  is  mentioned?  In  what  way  it  insamty 
usually  cansod  ? 

^9^,  What  is  said  of  each  mental  act  f  What  are  the  cOTaposidOD 
and  si'tion  of  the  mental  mechanism  ?  What  arc  the  reculls  of  its  per- 
feet  or  imperfect  nutrition  ?  Bepcat  the  remarks  of  Bucknill  and  Tuke. 
What  further  effeot  is  due  to  impaired  mitrilion  f 

49S.  What  is  said  of  the  blood  transmitted  to  the  brain? 

499.  What  are  the  relations  between  mental  eiciteotent  and  the 
brainxard  Sow  of  blood  ?  How  19  coagpsdoo  indoced,  acd  what  are  lt< 
effects? 

600.  What  is  atunnita,  and  bow  caused  f  What  are  ita  effects  *■ 
oompared  with  thoeo  of  hyperemia  t  Qire  Or.  Haudeley's  rciuvki  npon 
the  sutijeot. 


I 


601.  What  keeps  the  hnjo  in  hannonioi 


.0?     Hot 


r  dutoibed  T     Hentioa   eiunples  o 
blood.    Hon  do«a  ■Icoliol  aSect  tbe  brain  f 

S02.  Row  doej  the  brain  differ  in  BctiDC  fi-om  other  orfioa  of  tbe 
bodj!  How  doea  Nature  rcnovute  ihe  liraiii?  What  is  a  p.ime  condi. 
lionofmuntBlhcullhT  WliBt  are  llie  ctt^'ib^  of  insuffidenl  sleep  f  Wbat 
of  diaturbed  deep  ?  In  wbut  doea  mental  bealtb  conaiEt  f  From  what 
BriseB  mental  uupiunnentT  UcQce,  what  eauaca  iofluence  meat^  cbal- 
»ct«r? 

G03.  Gitc  the  BsUniDtea  rclaiirc  to  the  transmission  of  iDsnoilf.  What 
is  tnoemitteil,  and  how  ?    Bepeat  tbe  remarks  of  Dr.  Maudeley. 

GlM.  How  is  debilitated  Block  a  souree  of  cHminatilff  What  ts  Dr. 
Howe's  opinion  npoo  tliia  subject  1  Name  some  of  the  causes  of  mental 
impurment  and  their  operation.     Give  the  obserratioua  of  Dr.  Ray. 

SOS.  What  comparison  is  made  between  the  savage  and  the  eivilized 
man  1    What  are  our  peculiar  perils  as  a  nation  ? 

606.  Wbat  \a  said  of  arenasliiDg  the  intellect  T  Repeat  tbe  testi- 
mony of  Dr.  Carpenter.  What  conditions  control  the  amount  of  bealth- 
ful  brain- worli  ?  Bow  is  (he  (Lrgamenl  at^inst  the  uawholesome  effect 
of  ejLcessiTe  brain-work  met?  In  what  respect  does  the  brain  of  the 
•aragc  and  the  civiUzed  man  differ  t  Whit  usually  works  the  mischief 
in  cerebral  application  i 

60?,  Uow  is  cerebral  disease  heralded  t  How  the  more  active  forms ! 
In  what  manner  is  the  conduct  affected  ?    Tbe  consciousness  f 

bOS.  What  hints  and  precautions  are  given  ?    Dow  should  children 
'   thus  predisposed  be  managed !    How  adults  t  What  is  Dr.  Raj's  advice 
f   when  there  is  a  predisposiiioo  to  mental  disease  ? 
).  What  is  said  of  medical  management  I 


INDEX   AND    GLOSSAET. 


(.V.  B. —  Hie  fifftim  Ttftr  to  paragrajJa.^ 


Abdo'men,  Uie  bellr,  tO. 

Abdomliul  aortft,  129. 

Abduction,  Ihkl  moreEa^iil  bj  Khich 
ODe  put  is  drawn  Kwaj  Trom  an- 
other, or  ftom  the  middle  line  of 
the  body,  il6. 

Ab-Mirpiion,  the  sucking  np  of  eub- 
atuices  applied  to  the  nioutha  of 
ibBorbeni  vcmpIs.  1H7,  101. 

Arceasorv  food-atui^,  170. 

AwUh'iduni,  the  round  cavity  in 
the  haunch-bone  which  rvoeivas 
the  head  of  the  thi|;h-bvae,  SIS. 

Acidulous  waters,  40fi. 

Action,  man  intended  for.  478. 
"      of  the  valree  of  the  Tdns, 


B2. 


if  the  ralvcs  of  the  heart, 


Active  powert,  19B. 

Adam's  apple,  aS4. 

Adduction.  tfa«t  moTemcnt  by  which 
one  part  U  drawn  toward  another 
or  toward  the  middle  lice  of  the 
body,  210. 

AdjuBtmeot  of  the  eve,  chsnpes  in 
that  organ  by  which  objurts  at 
taryinf!  diatknces  are  distinctly 
seen,  280,  28  E. 

Adulterttion  of  colTee,  451. 
of  mUk,  431). 


I  Afferent  nerves,  ner 

,      der  the  inflnence 

from  without,  eici 

nervous  organ,  2SS 

Agencies  of  poriflostion,  87E',  81 

893,  418. 
Air-cells,  I'W. 
Air,  complementol,  113. 
"   compoation  of,  103,  47S. 
'■   coutamumlion  of,  879-387. 
"    danfjer  of  overheating,  8M. 
"   inspired  and  eipired,  103. 
"    in  reepiralion,  US,  SSS, 
"    regidiuJ,  supplemental,  and  tid- 
al, HI. 
Albu'mcn,  ■  nitrogenous  sniMtuict 
eitensivclj  diHiiHed  in  the  aiumal 
and  vegetable  kingdoms,  and  oo-  _ 
agidabls  by  heat — white  of  ei — 
187. 
Alcohol,  eSccta  of.  4B1. 
AlimenUry  nppsratua,  2S, 

canal.  18, 138,  IM. 
Alimeniatioii,  the  act  of  taking  o 

receiving  nauriahinetit,  14. 
Aliments,  lood.stuf^  1S7. 

"        classification  oC  167. 
Alluvial  wat        -- 
Al'veoli,  the  socketa  of  the  t 

180. 
Ammonia,  28,  S 
Amie'ba,  one  of  the  lowest  ol  ■ 

mal  orgsniami , 
Amphibia,  blood-corpusclet  of|  7L  J 
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I  AnpulltD,  the  trumpel;  -  mmitbi^d 
parts  of  the  Bcmicircular  cunulj 
of  tho  ear.  a47. 

I  Amyloids,  rt  claas  of  Tood-atuCb, 
"  vhjch   starch    ia    the    ijpe, 

Anstomy,  an  account  of  the  struct- 
nre  of  or^puiiied  bodies,  10. 

AnKmia,  dcGciency  of  blood,  SDO. 

Animal  charcoal,  223. 
■■      foods,  430-4^8. 

Ankle-joint,  2t8. 

Antrum,  caritj  of  the  npper  jaw- 
bone, S2S. 

Anus,  ISO. 

Aorta,  the  great  vesael  which  con- 
ducts arterial  blood  from  the 
he&rl,  4B. 

Apex  of  the  heart.  48. 

Applied  phjsiologj.  3tt8. 

Arachnoid,    rcsumblin^  a   spider's 
web,  applied  to  a  delicate,  oob- 
web-lika  membrane  which  eurel- 
I         ops  the  brain,  312. 

Arachnoid  fluid,  a  serous  fluid  se- 
cretvd  bj  the  arachnoid  mein- 
brnne,  312. 

Areolar  tissue  (tu  conaectJTC  tls- 
sueX  "■ 

Arnis,  bODGB  of  the,  19,  3U. 

Arteria  innominata,  the  Srdt  branch 
giren  off  from  the  aorta,  48. 

Arterial  blood,  DO. 
[   Arteries,  26,  37. 

"        and  veins,  differeaco   be- 

I  Artery,  a  fessci  which  cooTeys 
blood  outward  from   the   heart, 

ae,  87. 

Artficj,  hepatic,  148. 

"      renal,  187. 

"      splenio,  1S6. 
Anicvlationx,  jointa,  208. 
Artificial  reflei  actions,  837, 
I     A^ftenoid,  resembling  the   mouth 

■  ofs  pitcher.  224. 

H   Arytenoid  cartilages   and  niuscIo!i, 

■  i~- 


>  diftarbancD 


I  Aiphjxia,    euspi 

usually  from 

of  respiration, 
"        causes  of,  129, 
L  Atlu,  the  topmost  vertebra  of  the 


spinal   column,  with   which   tb> 
head  is  articulated,  214. 
Auditory  musoles,  musclt 
ear,  2BT. 

neive,  Ma. 
"        Dssiclee,  2Si. 
"        spectra,  293. 
Auricle,  ripht  and  left,  the  upper 

ciiitiea  of  the  beart,  4B. 
AurJculo-Tentriculac  openings,  ring, 

and  valves,  b2. 
Auxiliary  foods,  449. 
Axis,  the  second  cervical  verlcbm, 

on  wliich  tbo  atlas  lums,  214. 
Axis-cylinder,  SCO. 

Ball-and-eocketjoiaU,  nrtieulationa 
where  the  spheroidal  end  of  one 
bone  plays  in  a  cup-ahaped  cav. 
ity  of  another  bOQe,  212. 

Base  of  the  heart.  48. 

Beans  and  peas.  445, 

Bea^ng  of  the  heart,  65. 

Biceps  muscle,  18,202. 

Bicuspid  teetb,  teeth  with  twocinrpf 
or  elevated  poiiits  on  their  wear- 
ing surface,  180, 

Bile,  a  greenish-yellow,  viscid  fluid 
secreted  by  the  liver,  131,  148. 
ICO,  101. 

Biliary  duct,  148. 

Bilin,  a  pale -yellow  gummy  sub- 
stance, supposed  to  be  the  chief 
conxtilucnt  of  the  bile,  ISO. 

Black  clothes,  4fl7. 

Black  pepper,  440. 

Bladder,  134. 

Blind  spot  of  the  retina,  point  at 
which  tho  optic  nerve  enters  the 
erebsll,  2liB. 

Blood,  appearance  of,  73,  73. 
"  arterial  and  venous,  43. 
"  "      distribution  of,  120. 

"     ohaDgesi  of,  97- 
"     circulation  of,  26. 
"     coagulation  of.  B2,  85. 
"     composition  of,  88. 
"      corpuscles  of,  74. 
"      crystals  of,  81. 
"     flow  of,  through  heart,  B4. 
"      perversions  of.  389,  BOi, 
'■     purification  oi;  99,  377. 


IC^Btoln 


Ba^^^a*  af  the  btood,  M. 
BoiB,  a  Bac  or  pnsc,  IIS. 


Horgu,Sn,9S& 

I     in  dw  Wver  and  Uote  {Wrtim 

•riberinI1.3S8,8S4. 
,Cto«biml  h     ■    • 


CKcam,  the   IStvI   portion  of  tlw 
CalTnn,  the  bitter  principle  of  coff^ 

Canalic'uli,  narrow  channels  ramifj-. 

ing  tbroa^  bone,  350. 
Ctnalg  of  the  ear,  3*1. 
OanceUoua  tiuue,  applied  to  the  63- 

mie  composiog  the  loose,  spungf 


urc.  nalrilUn  of;  497. 

Cer'ri>nM]uiiaI  axis,  tlw  bc^  nd 

spinal  cord,  13,  tia 
Cer'ebn^inal  aii»,  fuMioD  o<^  SS. 

"  ■jstem.Sll-llB. 

Cerebration,  uncoptcioua,  SM. 
Cer'ebram,  the  larger  dlTi^<ni  of  tha 
bnun,  occupying  the  whole  ttpper 
portion  of  the  caritj  of  tbe  UiiU, 


laofbl 


I,  SO!. 


'ical,  relating  10  tl 
ChalvbcBte  iratcra,  wi 
I       ing  iron,  406. 


p 

KfSunges  of  Ibe  food,  ITS. 
F  Obtreoal  as  m  deodorixer,  8D8. 
■  "        Bllcra,  432. 

Check  ligaraeots,  ligmuenla  limiting 
rotstion  or  tbo  BkulL  21S. 

CheekH,  343. 

Cheet,   tbe   cavity  conUiuiag   the 

langA  and  bcart;  tbe  tbarax,  10. 
"      bonea  of,  19. 
Cbeniog,  18i 
Chloride  of  potasnum,  438. 
Chlorido  of  sodium,  common  salt, 

438. 
Chlorine  at  a  di^infectuit,  SOS. 
Cbocolale,  4^3. 
Cholera,  eFTect  of  hfgienic  mcuaurcs 

oii,8Ta. 
Cholera,  ipread  of,  3:i2,  413. 
OhoIestertD,  a  orjstalUne  coD^Iiiiient 

of  tbe  bile,  baving  a  pearl-like. 


which  may  be  eitracted  from 
carUlaga  by  boiling,  IB7. 

Cbordas  teodrnes,  fibrous  cords 
eonncctrng  the  Tslves  of  the 
heart  with  the  papillary  muBcles 
of  the  walls  of  the  Tentriclea,  B2. 

Chords,  Tocal,  organ?  in  the  larynx 
by  whit*  voice  ia  produced,  I'w), 

i22,  aas-2aT.  i 

Choroid,  th«  TUcuIar  membraiie  of 

tbe  eyebun,   lying   between    tbe 

■clerolic  and  retina,  277.  ] 

Cbyle,  the  milk-Like  fluid  taken  up 

by  the  lauteoLi  from  Ibe  small  in- 

teatine,  44,  103. 
Chyme,  the  food  na  it  pasaea  from 

the  stomach  into  the  iLunll  intea- 

tine.  187. 
CUift,  minute  filamenU  attai^hed  to 

ceils,  aad  which,  during  life,  are 

capable  of  motion,  190. 
CiUary  ligaments  and  mnaclei.  278. 
Ciliated  epithelium,  341. 
<3rculation  aOected  by  cierciae,  483. 
"         compared  to  a  river,  93. 

■  "         course  of,  63. 
H  "         evidence  of,  70. 

H  "         organs  of,  20,  3fl-S3. 

H  "         and   respiratioo,  aaalo- 

■  gles  of,  116. 
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Circumduction,  that  morenent  of  a 

limb  by  which  it  describes  a  ooni. 

cal  xarface  when  rotating  around 

an  imaginary  ails,  210. 
Circumv  abate,  wulled  around,  243. 

'•  papilla!,  218. 

Cistern  of  the  chjle,  44. 
Clams  OB  food,  438. 
Clavicle,  the  coitar-bone.  1 9. 
Clothing,  absorpiian  of  moisture  by, 

404-407. 
Clothing,  for  c1iildr«n  and  Ibe  aged, 

470.  477. 
Clot,  tbe  jetlT'like  mass  formed  by 

the  copulation  of  the  blood,  63. 
Coagulation  of  the  blood,  SS,  8D. 
Coccyx,  the  last  four  Terlebne  of 

the  epinol  column    consolidated 

into  a  single  bone.  It). 
Coch'lea,  a  conical  cavity  of  Ihe  in* 

tertial  car,  £48. 
Cochlear  nerve,  259. 
Complex  nensBtions,  2SS. 
Cocoa,  4C2. 
Cod-li7iT  oil,  480. 
CofTr'e,  451. 
Cold,  157. 

Cold  and  hPit,  feclhig  of;  342. 
Colon,  middle  portion  of  large  tutes- 

Color-blindness,  iosbillty  to  distin- 
guish certain  colors,  2flB. 

Color  of  the  blood,  131),  133. 

Colum'ntecar'nece,col  umn-like  flesby 
elevations  of  the  substance  of  tbe 
walls  of  the  ventricles,  fiS,  64. 

Combination  of  acliona,  20. 

Complemcnlary  colors,  367. 

Complemcntal  air,  113. 

Conjanctivo,  the  mncoaa  membrane 
lining  the  e.velids  and  covering 
the  external  portion  of  the  eye- 
ball, 387. 

Ccmes  of  the  rciins,  203,  270. 

Connective  tissne,  tissue  made  up 
of  B  net-vork  of  filaments,  or 
librous  threads,  and  which  servos 
to  conneol  tbe  diifvrent  parts  of 
tlie  body  together,  Jibroia  titia*, 
areolar  tiaut,  17,  B46. 

Compression  of  the  cheat,  470. 
•'  "     feet.  471. 

Concha,  tbe  external  ear,  263. 
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e  wall  of  the  eyeball, 


CondimeiiU,  4*9. 

Condyle,  the  round  eminence  at  the 

end  of  D  t>oae  !□  a  joint,  ill. 
Coady'E  fluid,  3S8. 
Congestion,  68. 
Coosciousness,  SSi. 
Coaeonaots,  SI! 7. 
CooBtipatioa,  450. 
Constrictiog  the  necli,  170. 
CoDBumption,  3Se. 
Contrsction,  muscular,  IS.  107,  S03. 
"  orblood-TesBrls,S9,fle. 

"  or  the  li«art,  G3. 

"  "     blood-corpuscles, 

77, 
CoutraotioD  of  the  bi'oncliliil  lubee, 

100,  lUO. 
Contractioiiof  the  stomach,  13J. 

cilia,  tee. 
Controlling  action  ol'  the  ncErreB,  40, 

66,  S9,  IIB. 
CoDTei  lens,  S72. 
CotKolutiom  oE  the  bram,  32S. 
Cooking,  4  S3. 
Cornea,  the  front    or   tranapsreot 

S76. 

Comu,  a  horn,  316. 

Coronary  arteries  and  vein,  411. 

Cor'pora  albioau'tla,  tno  smKll  whit- 
ish protuberances,  locsted  io  the 
angle  formed  by  the  liivei^ng 
crura  cerebri  at  the  base  of  the 
brain,  321. 

Cor'pora  quadrigGm'ina,  foui  bomi- 
spherical  eWaUoas  Ijiog  above 
the  crura  cerebri,  328. 

Corpus  callo'sum,  a  thick  band  of 
while  nervouB  mattw  joining  the 
tno  hemippherea  of  the  brain,  328. 

Corpus  striatum,  the  mass  of  nerve 
matter  forming  the  floor  of  each 
of  the  lateral  ventricles  of  the 
brain,  SSS. 

Coqmaclea  of  bone,  8B0. 

"  human  blood,  74. 

"  lymph,  112. 

"  spleen,  168. 

Conian  membrane  and  fibres,  U6, 
248.  2B7,  2B». 

Costal,  relating  U)  the  ribs,  IDT. 
"      respiration,  1 1  n. 

Cotton  an  clothing,  460. 


Coughing,  111. 

Craaaamentum,  the  thick,  jelh-lika 

mass  formed  bf  the  coagulation 

of  the  blood,  a  clot,  83. 
Cribriform  plate,  a  perfonted  plate 

of  bone  in  tlie  roof  of  the  nasal 

chambera,    through    which    the 

branches  of  the  olTaclorr  nerre 

pass.  244. 
Cricoid,  reaembling  a  ring,  234. 

"      cartilage,  2M. 
Crucial  ligameuta,  ligamenla  whicfa 

cross  each  other,  SIS. 
Crico-thyroid  muscle,  SS4. 
Crura  cerebri,  two  bundles  of  while 

nervoio    matter   connecting  the 

medulla  oblongata  with  the  Cera- 

brsl  hemispheres,  328. 
CrTStaUins  lens,  a  transparent  donb- 

ly-oonvei  body,  siiuaied  between 

the  vitreous  and  aqueous  humon 

of  the  eye,  a"S, 

Death,  local,  82. 

"      general,  33. 

"      modes  of,  34. 
Deciduous  teeth,  the  first  or  mitk 

t£0th,  SBH. 
Decussate,  to  cross,  SSS. 
Decussation  of  the  pyramids,  S3S. 
Dcglulition.  swalloning,  182. 
Delirium  tremens,  263. 
Delusive  appearances,  204. 
Delusions  of  judgment,  292. 
"        optical,  898. 
"        oftiiesensoa,  293,994. 
Dental  pulp,  3SS. 
Dentine,  the  subE'tnnce  oomposing 

the  great  mass  of  a  tooth,  8G2. 
Deodorizers,  398. 
Dermis,  the  under  layer  of  tba  skin, 

IS. 
Descending  colon,  188, 
Dextrine,  an  amyloid  substance  that 

may  be  formed  by  boiling  atorrit 

with   a  few  drops  of  sulpburie   ■ 

acid,  1S4.  J 

Diaphri^m,   the  parliiioo   between  J 

the  chest  and  the  abdomen,  IS. 
Diaphragmata,  110. 
Diarrhma,  cause;  of,  411. 
Diastole,  dilatation  of  the  it       ,     . 
Diet,  importance  of  a  mixed,  17S. 
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KiMglstric,  IWD-beUled.  ai8. 

Enamel,  the  hard  substauoe  iotpsI- 

W                  rauacle,  218. 

iug  the  crowuB  of  the  teeth,  363. 

■  Digestion,  tba  conversion   of  food 

into  a  auto  fit   for    nbsorptioD 

of  the  heart,  Bl. 

into  the  blood,  ISfi,  lei. 

Digits,  the  Bagers  and  toea,  10. 

oireulit  canals  and  in  the  Teatibu- 

lar  SBC  of  the  ear,  247. 

to  hjgienic  efforts,  BflB. 

Entoiott,  animals  that   live  within 

Dieease,  opeu-wr  treannenl  of,  397, 

other  aulmals,  pnraaites,  417. 

'•       true  idea  of,  362. 

Epidermii<,  the  outermost  larer  of 

■'       csuftes  of,  3C2. 

the  skin,  IB.  841. 

DbtillilioD,  the  process  of  separat- 

Epiglottis, the  lid  of  ihe  gloUia,  100. 

ing  the  ToIatUs  from  the  more 

Epi.heUal  cells,  88. 

filed   parts   of   a    gubatanee  by 

heat,  419. 

mucous  membrane,  IB,  841. 

Dorsal,  pcrUininR  to  the  back,  10. 

Erect  poaltion  of  roan,  20. 

DreasiDgthebodr,  4B8. 

Essential  food-stuffi,  100. 

Dnode'num,  Uie  first  porlioo  of  the 

anuil]    intestine,   conimeociag   at 

from  the  throat  to  each  ear,  178. 

theatomacb.  168. 

Evaporation,  109. 

Dun  malcr.  tbc  lough,  fibrous  roem- 

Eieefsoffood,  456. 

bmne  lining  tho   caviij  of   the 

Excrement,  the  unused  portions  of 

(kuU  and  of  the  Bpiuul  column, 

the  food  thai  arc  di.° chained  freni 

313. 

the  bowels.  B. 

Durham  jail,  416. 

from  the  blood  and  thrown  out  of 

the  body  bj  tbc  lungs,  kidneys. 

Berg,  891. 

akin,  ele.;  6. 

Djsenterj,  412, 

Eicretory  organs,  28. 

Djepepaia,  4IU. 

Exercise.  478. 

Drinkuig,  188. 

amount  and  time  of,  Wl. 

efftitoncircolRtion,4B8. 

middle  ear,  800. 

digeation.  480. 

Duet,  hepatic,  tho  tul)e  which  con- 

veya  bile  fVom  the  liTer  to  the 

"       akin.  466. 

bleatioe,  148. 

eiecBsiTe.  488. 

Ductleaa  gUnde,  19. 

mind  in,  488. 

insufficient.  490. 

Ear,  £49.  200. 

remedial  influence  of,  481. 

Eaae  io  walking,  4T2. 

regularity  of.  492. 

Eating,  1S2. 

Eihauation  of  tho  retina.  267. 

Eeonomf  of  niied  diet,  472. 

Eipiralion,  the  act  of  cipelling  air 

ERbrent  nerres,  nerTes  that,  undor 

from  the  lung?,  102. 

the  atimuluB  of  the  centml  Her- 

E»ploBiTeconsonanlB,328. 

voofl  organ,  eicits  conlractioia  in 

Extension,  the  opposite  of  flexion. 

the  moscIeB,  232, 

Eggs,  432. 

Eye,  261. 

Elbow-joint,  213. 

tUemcDtary  hygiene,  BRS. 

Eyeball,  275. 

Evelasbes.  286. 

young  of  any  creature,  19. 

Eyelids.  376.  886. 

Fadal  nerre,  329.                        ^^^^^B 

Pillhllw-,  ft*  iFripnih  rfiW   I 
MklM. 


IT.  1«. 


f  EjMut,  ■  bi^  aad  decfi 


nw  tite  niddla  £tUoii  oT  the 
eerebral  hemicphcna,  Sia. 
FUlolenoc^  a  coOeotiaa  of  wind  in 


Ibeil 


I,  4SS. 


Flab  puMite^  MJ. 
Fleuon,  U>«  lUie  oT  bang  beoi,  S16. 
nour,  48B. 

yam*,  the  point  of  ooDTerfreDce  of 
nji  of  light  after  pMung'iliroagli 
*  coartx  Ibiu,  or  tieing  reflecbed 
from  ■  concave  mirror,  273. 
Food-stolft,  1 87. 
Form  of  tbe  boot.  472. 
Foiil  «ir,  ettecU  of,  on  the  mind,  306. 
French  troopi  in  U( 
kVroic,  eipi-rimmu  with,  TO. 
■Fruit,  «4T. 


ofUcbeTfcafan,18I. 


"        MlbBllgtBl,  ITS. 
GUw-4,  coDcsTe  aitd  conm,  279, 
GldbnlJi],  ta  klbamiDau  cabctanee 

in  red  blood-corpaMles,  70. 
Glnnier'aliu,  ■  boncb  of  looped  eap- 

illariea  in  the  Icnniiul  diWliona 

of  the  roul  tqbuli,  137. 
GIoMHvpbsrTii^ral  nerrp,  •  Dcrre  pt 

the  tonine  and  pharrnx,  SSO. 
Glottis,  tbe  openios  fron  the  p1iaF> 

ynx  tato  the  windpipe.  1(H). 
OlncoM,  ■  name  applied  ■«   linill- 

siip»r.  and  also  to  "'    " 


Gluten,   the   ndheeire   principle  of 

grain,  187. 
Glccochnlale  of  aoda,  ISa 
Gljcocholiu  acid,  an  add  oTlbe  bl 


I 
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GmU'  mUk,  430. 
Goitre,  DT  Dis'1>}'Bbiro  neck,  a  girell- 

ing  of  the  thyroid  gluiii,  IBS. 
Ooose^kin,  343. 
Gout,  370. 

GroBsi'B  piperitncnts,  307. 
Graj'  matter,  316. 
Gullet,  the  leeopli'aguB,  100. 
Gnms,  the,  3G3. 
Gustatory  nerTM,  230. 


),  ibc  coloTing-nuttter  of  the 

Hnnoglo'bin.  a  red,  aemi-Buid  Bub- 
Btance  in  (be  inlerior  of  red  blood- 
corpuaclee,  16. 

Hairs,  343. 

Hand,  314,  243. 

Hird  water,  406. 

HaTenthin    eanala,   min-ite   cnnals, 
oontoining  medull^rj  mutter,  and    ' 
ocourring  inllie  Bubstonce  of  boop. 


vbere  (be  nerrea  and  tbsbbIb  pnsa 
into  tbe  organ,  134, 
Hingc-joitita,  :j13. 

Uip-joint,  213. 

HiitologT,  an  account  of  the  minnte 

Horripilulion,  a  SPOBaiion  of  crepp- 

iag.  or  as  il'  tba  baii-a  of  the  bod; 

Blood  erect,  343. 
Human  milk,  431. 
HumeruB,  the  bone  of  the  am,  from 

BLoulder  to  i:lbun,  ^14. 
Bomor-,   aqueous,   the    transparent 

fluid  in  the  front  port  of  the  eyu, 

between  the  cornea  aud  the  trya- 

Ulline  lenH,  S7Q. 
Humor,  Titreoiu,  the  fluid   in   tho 

posterior  ohaniber    of  the    ty-; 

276. 
Hunger,  4. 

Uydroehloric  acid,  1S4. 
Hydrogen,  a  gna,  the  liglitest  of  ilie 

elemenU :  one  of  the  eondtitueoLa 


boating  of,  SO. 
position  of,  4S. 
Bounda  of,  67. 
Bti-ucture  of,  4H. 
"      rhythm  of,  63. 
"      walU  of,  48. 
"       working  of,  48. 
Heat,  generation  of,  157. 
"     produce™,  176. 
"     reflation  of,  ISO. 
Hepatic  artery,  47. 
"      circulalinn,  47. 
"      duct.  148. 


Ice-chamber  Mpcriment,  3. 
lteo.i'tecHl  tbItp,  the  valce  at   the 
opening  of   the    ileum   iuto  tlte 


Iliac  arteriei'.  12B. 
ium,  one  of  the  bone?  of  the  pel- 
vis, 19. 
IQuBionii,  apectral,  sns. 
I mperiect  joints,  SOB. 
Impure  vater,  eSect  of,  upon  tho 


icL^or  teeth,  the  four  front  teeth  in 
each  jBir;  tlie  cut^ne-teeth,  lUii. 
□f  the  bonea  of  the  mid- 


dle • 


251. 


High -heeled  boota,  472. 
HiluB  of  the  kidney,  thp  notch  in 
tho  intenukl  border  of  the  kidney 


Indian-ct 

Ingrowing  loe-naila,  472. 

IcuervatioD.  tliat  -rital  procesi  by 
irhieh  nervous  energy  is  cnmmu- 
nicalcd  to  any  pari,  310-3BO. 

Insaliyalion,  tlic  proi-eaa  of  railing 
the  saliva  witli  the  food,  132. 

Insensible  perxpi  rat  ion,  141. 

Inaplrklion  and  sipiradon,  the  flow 


INDEX   AND   GLOSSABY, 


or  iXi  \uU>  md  ont  of  the  lungs, 
100, 

lutegummt,  (be  skin,  15. 

loier-BniuuUr  cartilagi!,  pUtes  of 
curtilage  ecpuating  the  articular 
surfacea  of  two  bones  in  a  joint, 
211. 

lolerceilular  substaoep,  mibatttoee 
lying  between  cell?,  S^  S. 

Intercusial  musel^  107. 

Intervertebral  foram'ina,  openings 
between  the  Tertebrs.  314. 

IntM tine,  small,  the  diioilenum,  jeju- 
num, and  UeuDi,  188. 

Inteatine,  lai^e,  ibe  CEDcum,  colon, 
and  reetam,  IBS. 


Iri9,  the  delicate  mugcular  mem- 
brane in  Ibe  front  chamber  of 
the  eye,  perforated  to  form  the 
pupil,  £78. 

Ischium,  a  buDG  of  the  pcivis,  188. 

JawB,  181. 

JiJnnuiD,  the  middle  poition  of  ibe 

timall  inlei'tiDe,  ISS. 
JoiDtB,20S-21G. 
Judgments  and  scnaations,  391. 
Jumping,  214. 

Kidnejii,  134-140. 

"        compared  nith  lungs  and 

skin,  147. 
Koee-pui,  19. 
Kreattn,  one  of  the  nltrogenoiu  ei- 

tractifee  of  muscle,  199. 

Lkbyrintb,  bony,  U6. 

"         menibranouB.  !46. 
lichryroal  dact,  287. 
gland.  E87. 
"  sao,  297. 

LacIeaU,  the  vesgeli  which  take  up 
and  convcT  the  chyle  from  the  in- 
testines, 44,  188. 
Lactic  acid,  1S4. 
Lacunn,   amall    caritiea    in    bone. 


3fiO. 

Lancelot,  a  bdioH  flrh. 
rudimentary  orfnans, 
ngOBCope, 


rith   1 


linwlng  the  larynx  In  the  Bring  1 

BDbjOCt,  100, 

Larynx,  the  upper  part  of  the  tra- 
chea or  windpipe,  100, 

Lpsdimiaoninp,  40». 

Lens,  crjEtalline,  one  of  the  parti 
of  the  eye,  276. 

Levator  muBcle  of  Ibe  eyelid,  SSfl. 

Levers  of  ihe  body,  208. 

Life,  31.  32. 

Ligament,  suspcniory,  a  membra' 
nouB  frame  which  holdi  the  crys- 
talline IcDH  in  position,  27B- 

Ligamen'tum  to  ris.  a  round  liga- 
ment attached  lo  Ihe  haul  of  the 
thigh-bone  and  to  the  bottom  of 
its  socket,  211. 

Ligament«,  10. 

Light  and  hcary  clothiDg,  403. 

Limes! one- waters,  40S. 

Limiting  roeuibrane,  2fl3. 

Linen,  4fl4. 

Liver,  148. 
"      celU,  140. 
"      sugar,  IG4. 

Loboi  of  brain,  3!7. 

Lobules  of  livOT,  148,  ISO, 

Loral  death,  32. 

LoFomotiuo,  194,  216. 

Long-^ight,  284. 

Loose  clothing,  417. 

Lunge,  90. 
"       amouDt  of  woik  done  by,  10*. 
"       their  arlericB  and  veins,  45, 
''       kidneys  and  akin  compared, 
147. 

Lymph,  the  colorleu  traoeriarenl 
fluid  in  the  lymphii^c  vessels,  93. 
"        corpuscles,  79. 

Lymphatic  capillaries,  43. 
"         glands,  48. 
"         system,  43. 

Uacula  lutea,  a  yellowish  spot  on 

the  retinu,  2G2, 
Uognifying-glasses,  303. 
Malarious  fevers,  41fi. 
Malleus,  one  of  the  bones   of  llie 

middle  ear,  2G1. 
Ualpighian  e8psule!>,  dilatations  at 

the  outer  extremities  of  the  renal 

tubules,  137. 
Hammsli,  blood .corpusctei  of,  19. 
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Ilirrow,  the  fitt7  Bubstance  la  tbe 

of  long  boDEB,  350. 
H&nh-wftter,  4D«. 
l(utici.lion,  cbevlog,  IS2. 
Huu,  43S. 

Medical  mauagenienl,  B09, 
Medulla  mnrrow,  2i)3. 

"       oblongata,  a   continuaUon 

oftheaplnal  miirow  witbin  the 

cavity  of  tha  skull,  1 !  5. 
Honbrane,  arachnoitl,  ■ii'i. 

"  of  Corti,  MB. 

Mental  emotion,  69. 
Ues'enteiic  gluitls,  Iftophutic  glantia 

of  themesenter;,  ft. 
Tiia'enterj,  thu   membrane   which 

lUBpends  the   small  iiitestine  to 

the  back  wall  uf  the  nbilulueD, 

Metaearpusi,  inataearpal  bones,  five 
cjliadrical  bones  gitualed  be- 
tween the  Trist  and  tha  Gngere, 
SH. 

Uilk,  430. 
"      leelh,  35.1. 

Mind,  controlling  power  of,  22. 

Uineral  aliments,  429. 

'•      ingredienlH  of  water,  406. 
Hitral  valve,  the  valve  betureen  the 

left  auricle  and  ventricie,  fi2. 
Uodiolua,  the  central  pillar  of  the 

cochlea  of  the  ear,  248. 
Uodulation  of  the  voice,  S2H. 
Uolara,  the  giinding-teeth,  SH. 
Uolloo  and  locmnotion,  194-231. 
Motor  nerres  {it  efferent  nerves), 

332. 
Motorcs  ocnli,  the  nerves  dialrib- 
uted  to  tha  maaclea  that  more 
the  ejeball,  329. 
Month,  2B,  178. 

Uucona  membrBne,  the  lining  of  the 
"~''*"M  of  the  body  which  com- 
ile  with  the  eilerior,  16. 
HucuH,  the  fluid  secreted  bv  mucous 

membranes,  IS. 
Huscles,  la,  IB3,  IDT.  IM. 
of  the  ear,  252,  250. 
of  the  ejeball,  285. 
of  the  heart,  SI. 
of  the  mouth,  181. 
■triated  and  smMth,  3SS. 


Muscular  contracUon,  19S. 
Uu»c>ilar  sense,  the  seu.^ation  of  re- 

sidtunce  experienced  when  bodil; 

tnavement  is  impeded,  236. 
Musical  notes,  22T. 
Mustard,  449. 
Uj'osiD,  tbe  coagulable  ci 

of  mnfcte,  199. 


Naits,  343. 

Nares,  tbe  nasal  cavities,  IIG,  244. 
N'asal  passages,  244. 
Nerve-fibres,  366,  BBS,  367. 
Nerves,  action  of,  on  blood-vecsels, 

160. 
Nerves,  action  or,  on  gUnds,  16t. 


Nerves,   action   of,   on   the  sweat- 

gUadg,  145. 
Nerves,  auditory,  246,  248,  261,  268, 

330. 
Herves,  facial,  830. 

"      gloBso-pharjngeal,  329. 
"      guaWtOry,  320. 
"      motor  or  efferent,  and  sen- 
■orr  or  aSbrent,  232,  819,  320. 
Nerves,  olfactory,  329 
"      of  the  brun,  830. 
"     of  the  eye,  261,  263,  330. 
"      of  the  ton)^e,  330. 
"      of  the  heart,  69. 
Nervous  action,  rapidity  of^  SAC. 
"       Bjsleni  and  innervation,  30, 
310-333. 
Nervous  tissue,  3Gtt-SB9. 
Neurilemma,    the    delicate   fibroua 
sheath  covering  the  nerves,  356. 
Nitrogen,  a  gaseous  element ;  ona 
of  the  chief  conslituents  of  tbe 
air,  nod  of  alt  albuminnns  eom- 
pouods,  4,  103,  163,  167,  360. 
Nitrogen,  starvation,  170. 
Norwood  School,  390. 
Nose,  214. 

Nuclei  and  nucleoli,  78.  346. 
N'DtritioQ,  the  asBimilation  of  nulri 


J 
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;  M,   IM-IM,  til,!     toHOTtkBiMot] 


c  ezMBdiwI 

thcahmMb, 


(roKike  phuTiii 


Oht^rmaou,  •  pwjgetlnn  of  Ihe  oliia 
«  lb*  dbow,  wbicb  prereDU  tli« 
toteatm  baaa  b«nt  baekwud  cb 
tfa«  «nD,  11>. 

Oltactarj  aerrai,  829. 

Opiicuii,  I9». 

"     oerre.    Ml,  W!,   !M.   270, 
27S,  US,  330. 

Oplk  tbilum,  two  gnat  muws  of 
nerrous  matMr  iaui  nhtch  the 
crura  cerebri  pu*,  115. 

Optical  delmunu.  293. 

Orbicalaria  miucle,  a  circulir  an^- 
de  wUeh  ibuU  ibe  eye,  286. 

Ob  orbicnU'rb,  onr  oT  the  imall 
bona  of  tbe  middle  ear,  351. 

Onw'au,  tbeintermisCure  of  llquidg 
whkb  takes  place  through  smoul 
membnuir.  166. 

OtBiclea,  auditor}',  the  amall  bonea 
ofthcmlddleear,  SSI. 

OatiflcatioD,  SOI. 

Dloco'Dia  or  ololitbcB,  mlaute  pHr- 
ticlM  or  calcareous  matter  in  the 
TQcmbraiioui  labyrinth  of  the  car, 
24fl. 

Oijgen,  ono  of  the  giaseoua  c!e- 
meal?,  a  Inrge  coDHlUuent  of  wa- 
ter and  air,  und  the  great  sup- 
porter of  combiulion  and  respi- 
ration, 8,  an,  8ft,  98,  108,  101, 
laa,  lan,  ibs,  186,  Bso,  876, 377, 
n7N,  SHI.  »i\t. 

OjsUrrn,  438. 

Palate,  turd  and  mCt:  the  fonnvr  is 
tbn  bony  roof  of  the  mouth;  Iba 
littor  a  flMbj  membrane  a  ilached 
lo  the  fonoer,  and  hangini;  be- 
tween the  mouth  and  the  phar- 
Tni.  178. 

Pallor.  US. 

PalpltatkD,  A9. 
I   Auoreai,  a  targv  gland  which  pour* 


iFiMnuicjdccike  floid  wenM 

b;  lb«  paucteaa,  IS) 
Panenatie  daet,  1S4. 
PapnUiy  aaott' 

lion*  of  tbe  walk  of  the  leotrictes 

orthcbc>Tt,6a.M. 
Papilioi^  coakal  derationa  of  the 

<ic«p  layer  of  tbeiai^mml,  289. 
Papil^  iliform,  elmgatad  r^lhr 

uperiD£  to  a  point,  US. 
Papillc.  fiiDpfonn,  papilla  llMt  uo 

broad  at  the  uip  and  narrow  at 

the  base,  HZ. 
Pal-     lagum,     the     pncoiDOgaMiic 

ncrree,  830. 
Paral.nii,  SI  9. 
Parke's  eiperiueDis,  397. 
Parot'id  fiand,  a  Mlirary  ^and  altn- 

at^d  under  the  ear,  179. 
Parsnips,  t4ft. 
Patelb,  the  ktiee>paD,  19. 
Feas  and  beina,  44S. 
Feliia,  the  bonr  girdle  U  the  bua 

of  the  trunk,  19. 
Pclvii  of  the  kidnej-,  187. 
Pepsin,  one  of  the  conatituenta  of 

the  gaatric  Juice,  ISI. 
Peptic  glands,  glands  in  the  macoua 

coat  of  the  stomach  which  excrete 

the  gutric  juice,  184. 
Peptone,  a  solQEion  of  prolcid  mat- 
ter effected  by  tbc  gastiie  Juice, 

ise. 

Pcricar'dium,  Ibe  mcmbmnons  bag 
which  iticloaea  the  heart,  48, 

Perilymph,  tbc  watery  fluid  in  the 
canals  of  tbe  oar,  247,  SSI,  £07. 

Periaa'teum.  the  tliin  membrane 
forming  the  immediate  ooTering 
of  the  bones,  3S0.  sst. 

Puristildo  CDiitmclioD,  applied  to 
the  contraction  of  the  muscular 
coat  uf  tbe  inteiitine,  1 90,  20 1 . 


PerHc 


which 


coals  all  the  wnlls  aod  viscera  of 


Ibeal 


*,  18fl. 


PcrsplratloD,  141-146,  364. 
Pctru?ut  bone,  so   named  from  its 

htrdnesa,  249. 
Pbalan'gM,  the  joittla  of  Che  Sogers 

and  Utei,  10. 
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Riftryni,  the  CBtity  inlo  which  ihc 
mouth,  Dose,  upper  end  of  ihc 
slimelitBr;  canal,  uid  the  nii.il' 
pipe  open,  100. 

FbMpbmte  of  lime,  1 9. 

Phoapbencs,  luminous  appearance 
caused  hj  pressing  the  i-}'chitl, 


Physiology,  a  sj^ccmulic  account  of 

^e  actions  ol*  Uviog  bodies,  2. 
Pit  mater,  the  most  internal  of  the 


M     3ia 

WTlgmi 


t 


the  diaphragm,  108. 

Kyo^joint,  SU. 

Plasmn,  the  nearly  colorless  fiuid  of 
the  blood,  73, 

Pleura,  a  ecroiis  membrane  lining 
the  cBvily  of  (be  ihoriu  uod  in- 
Testing  the  lungs,  lus. 

FIcxuJea,  S38. 

Pneumogflfltric  nerves,  the  tenth 
pair  distributed  to  the  larj-ni, 
lun(^  liTcr,  and  stomach,  69,  8S0, 
SIT,  SSO. 
ifoDB  VaroUi,  a  niass  of  braio-sub- 
Btance  connecliog  ihe  rerebrum, 
cerebellutD,  and  the  medulla  ol>- 
loueata,  3'i8. 

Portal  circulation,  the  flow  of  the 
blood  from  the  abdominal  viscera 
through  the  lirer  to  the  hepatic 

Portio  dura  *nit  ponio  mollis,  the 
hard  and  suit  portions  of  Ihe 
serenth  pair  of  iierrcs,  330. 

Potatoes.  i*6. 

Potter's  oathmfl,  801. 

Poultry.  *36. 

Pronation,  the  set  of  turning  the 
palm   of   the  hand   dovrnwarda, 

Fioteids,  a  class  of  food-stufi'd,  com- 
posed of  carbon,  hydrogen,  oiy- 
;rcn.  and  nitrogen,  154,  167-170, 


lalivo,  giving  to  the  latter  its  pe- 
culiar odor,  179. 
Pulmonary  artery,  4S. 


Pulmonary  consumption,  889. 
capillario,  BB-IOI. 

Pulse,  OH. 

Puni/la  lachryma'lJ,  two  small  ori- 
fices in  the  edges  of  the  eyelids 
near  the  inner  comer  of  the  eye, 

Purification  of  air,  E9S. 

of  water,  4 IB. 

Purkiiije's  figures,  ^70. 

Pu»-ce!is,  sea. 

Pylorus,  the  opening  from  the  stom- 
ach into  the  duodenum,  184. 


lorcarm,  214. 
Rain- water,  4 OS. 
Reepptacle  of  chyle,  44. 
Itcctum,  the  third  and  lowest  part 

of  the  large  intestine,  ISS. 
BellcK  action,  116,  234,  823,  SSS. 

"  artificial.  SS7. 

Regulation  of  temperature,  ISO. 
Renal,  relating  to  the  kidntys,  137. 

"      apparatus,  137. 

"      circulation,  13B. 

"      eicretion,  S6S. 
Residual  air,  IIS. 
Itespiralion,  breathing,  99. 

"  aQ'ecled    by    exercise, 

484. 
Respiration    and    circulation    com- 

Respiration,  different    in    ihe   two 

Respiration,  eOcct  of,  en  circula- 
tion, 119. 

Respiration,  mechanism  of,  100. 

Respiratory  sounds,  118, 

Re'ia  Malpighii  (Ualplf^i's  ntt- 
worti),  a  mucous  substance,  con- 
taining coloring-matter,  between 
the  epidermis  and  the  dermis, 
341. 

Re 'id  mnco'sum,  341. 

Retina,  the  expansion  of  tbo  optic 
nerre  within  the  ball  of  the  ejc, 
261,  265-278. 

Rhythm  of  the  heart,  B3. 


^^^B^^^^^^^^^l 

H  4M                             I^^  ^''Q   GLOS&iET.                        ^^^^H 

^^^^^^^                                S««>.TMrT(«,212.               ^^^1 

arE>ni.2L                              ^m 

^^HHHI^B»  «f  <te  bones  ia 

SeiMim.  a  paflitioa.  SU.                    ^M 

Serom,    a   claar,    ydloaWl    BqwA^H 

IU.«r.»»l«r,  40*. 

foand  in  the  blood,  aod  also  eaa.^^1 

BoMliDB,  4M. 

Rodi  ud  coiMS  of  the  retioA,  SSS. 

diotn,    and   other   tttcn»    Dcm-^^H 

HoMIioo,  the  iRt  dT  tnniiiig  rotuMl, 

branoKSS.                                     ^H 

219. 

Sewage  gaaea,  413.                              ^H 

Running.  221. 

ShallD.  weOa.  tM.                             ^M 

nye,  U<>. 

Shouldergmnt,  SIS.                          ^^M 

Saeniin,  ODe  of  the  bonei  in  llie 

sighbg.  iiL         ^^^m 

twFDlf -riith,      Iveitly-  seTeiith, 

s>gh^  ^37.                 ^^^^H 

tweniT-eighth,  and  Iveaty-niuth 

organ  of,  201-188.    4^^^^H 

Tcrtebrw,  1», 

Sdmn»itilen,blondcorpiiBdeBar,Te. 

Singing.  827. 

8uid-uiil«nrel  i/ilen,  4US. 

Skeleton,  number  of  bones  in,  19. 

ftinlurj  congroas,  tin. 

Skin,  15,  i9,  Ul-IiS. 

B.UT1,  tliejuicMof  the  mouth,  173, 

182. 

H7. 

&lliv»^ygla■.d^l79. 

Skull,  the  brain  Mse,  10, 11, 1&. 

Sirotrfcmiu*,   (lie  ihe.lh   inieatlnR 

SmeU,  244,  245. 

"      lois  oi;  245. 

HI,  SSS. 

Smooth  muscle,  aos. 

Boala,  B  sbdr.  2t8. 

Sneezing,  a  cam-uliive  action  oT  Dio 

ScbU    mcdi*.  TC«tibuli,  and    Im- 

piai,  2*8. 

SniffloB,  245. 

Bo.puK  the  shoulder-blade,  IB. 

Soft  palate,  178 

Boarf-akin,  the  asme  tu  epidormis. 

"    water,  406. 

IB. 

Sound,  2G4. 

Sclerotic,  the  outer  coat  of  the  eye- 

Speaking-machine,  281. 

ball,  275. 

Speech,  228. 

Rorofiila,  SBO. 

Hourry,  372. 

an  aperture,  134. 

Soa-wiler,  406. 

Spinal  aoceasory  nervea,  831. 

Sebaceous    glands,   Klandi    in   the 

"     canal,  12. 

skin,  secreting    au    oily   matter. 

"     column,  bones  of,  IP, 

'               MS. 

"      cord,  314-S2B. 

BeyralOfj  Bland^,  182. 

"        "  conductingpowerof.SSS. 

Spi»a1  cord,  itunriea  to,  3L 

SstnUunar  valvoi,  valiea  at  the  June- 

tloD  of  the  aorta   and  the  left 

Spleen,  a  lorge,  deep-red  riscas  on 

1               Teiilricle,  and  of  the  pulmonarT 

the  left  side  of  the  stomaoh,  in 

h             arlory  and  the  right  ventrii'lo,  52. 

■        Rvnaatioii,  2ST. 

Splenic  arlecy,  the  artery  supplyii^ 

tlie  spleen,  I5C. 

Splenic  Tein,  IGO. 

■                "         aud  flonsory  organs,  83, 

Squinting,  an  affection  of  the  eye  in  . 

^          BS9. 

which  objects  ore  seen  in  an  ob- 

Uque  manner,  307. 

itkpedius,  a  muscle  of  the  tTrnpuKun 
of  the  ear,  20!. 
la'pia,  a  stimip-shnpcd  o«siclc  of 


r,  113. 
srt». 

Sienium,  tli«  breast-bone,  19. 
Stewing,  454, 
Stomach,  184. 
SiriB,  ■tripes,  35B. 
Striated,  Itrlped,  sua. 
Bubjeutive  sensntiDns,  293. 
Sublingiul  giuttla  (>»  pluuda). 
Subnu^llarT  gUtids    " 
Subsoil-vkter,  400. 
Snnr,  167,  na. 
Suliii,  groovea  on  the  surTuca  of  tbo 

brftin,  329. 
Sulphkleof  lime,  400. 
Sulphur,  107. 

"        wBlprs,  40a. 
Sulpburetied  hydrogen,  126,  3S5. 
Supination,  tbe  act  of  lumioK  the 

pilm  of  the  hand  upwards,  214. 
Supplemental  tir,  11^. 
Sapra-renal  capsules,  ID6. 
Borlace-water,  40B. 
SospensDrj  lignnent  («r  ligament). 
Sutures,  union  of  BiLt  bones  bj  their 

margins,  351. 
Svalioving.  183. 
Sireal-glaDde,  the  lower  eitremitr 

of  the  Bwcat.lubeB  coiled  up  into 

a  knot,  143. 
Bweet-bread  (nv  panereas). 
Kfmmelry  of  the  bodj,  10. 
Sjmpatlictlc  gjatfm,  tbo  double  row 

of  nervouB  ganglia,  along  the  baclt. 

bone,  12. 
Sjnovla,  a  lubrioating  fluid  secreted 

■t  points  of  articulation,  19. 
SynoTial  membrane,  19, 
Sjntonin,  the  chief  na 
;       muscle,   closely  rcBembling  albu- 
r      men  iu  composition,  107. 
I  HjB'kiU,    tbe    contraction    of    Uie 
■       bean,  53. 

Tactile  oorpuscleg,  239,  3ST. 
Tannic  acid,  4G0. 
Tape-worm,  463. 
TMt«,248. 


"     BdultciBtionaf,  4GI. 
Teara,  S87. 
Tcelb,  180,  353-361. 
"      cemeul  of,  30;!, 
■'      crown  of,  3Ba. 
»     dentine  of,  363. 
"      derelopment  of,  304. 
cnaiDcl  of,  353. 


f^l 


i  of,  31 


pulp-caTity  of,  SDS. 
Temperature  uf  the  blood,  IG3. 
Tendons,  white  fibrous  cordg  con- 

ni.'cting  muaclex  with  bone,  846. 
Tensor  timpani,  a  musclu  of  the 

tympatiuni  of  the  ear,  233. 
Thein,  the  bitter  principle  of  tea, 

451], 
Theobromin,  the  bitter  principle  of 

cocoa,  450. 
Thickuc's  of  the  blood,  B7. 
Thirst,  4. 
Thoracic  duct,  a  large  tube  in  front 

of  the  backbone  into  which  most 

of  the  smaller  lymphatic  trunks 

pour  their  content*,  43. 
Thorn X,  the  chest;  the  civ ity  con- 
taining   (be    bcart    and    lungs, 

10. 
Thought,  234. 
ThTmus  gland,  165. 
Thjroid  cartilage,  the  largest  of  the 

cartilages  of  the  laryni  forming 

the  prominence  m  front  of  the 

throat,  224. 
"        gland,  1GS. 
TbjTO.BrftcnoId  muscles,  224. 
Tibia,  the  Bhin-bone,  20B. 
Tidal  air,  113. 
Tight  boots  and  shoes,  412. 

"     clothing,  471. 
Tissue,  17. 

"       formers,  176. 
Tongue,  343. 
Tongoeless  speech,  231. 
Tonsibi,   oval  glands    between   the 

pillat«  of  the  fauces,  177. 
Touch,  239-213. 
Tra'chea,  the  windpipe,  100. 
TrauBfadoQ  of  blood,  SI. 


INDEX  AND   GLOSSAKY. 


Tranareme  tolon,  18B. 

TnipeziuiD,  SIS. 

Trifppa  niiiacle,  tlio  eilcnsor  of  Ihe 


a  17. 


Triclii'na  Bpini'lk,  46S.  | 

Tricuspid  »ol*c,  the  vihe  between  , 

the  auricle  and  Tenlridc  of  the  ' 

right  heart,  0^  I 

Trigeniioal  nerve,  880.  | 

Tripod  of  ate,   brain,   Itmgs,   and 

heart,  34,  I 

Tnlnli,  It).  I 

Tu'buli  urinifrri,  smiH  tubee  in  the  ' 

kidnej,  tST.  I 

Tubercular  consumptiott,  HBO.  I 

TuDit))!  fork,  2-18.  I 

Turbinal   bones,  top-sbaped   banes 

of  ibc  ooslrila,  2U.  I 

T;nipanuni,  tbe  drum  of  Ilic  ear,  ' 

£60.  I 

TTinpaaia  muazics,  function  of,  260. 

Uliut,  the  brgc  bene  of  the  fore- ' 
lU'in,  214.  I 

UnHbulefome  fnod,  401. 

U'reB,  one  uf  the  conslituentd  of 
urine,  t'oinpoBcd  of  two  cquiva. 
lenta  each  of  oxygen,  niticgtn,  j 
and  cwbon,  nnd  lour  of  h.rdro.  ■ 

Ure'terB,  tubes  leading  from  the 
kidnejB  lo  tbe  bladder,  134.  | 

Urc'thrn,  the  fanaJ  leading  from  the 
bladder  outwardB,  134.  I 

Urio  acid,  130.  I 

Urine,  18B.  [ 

Vtric'ulug,  a  minute  cell  or  vesicle,  i 


Val'vulm    cnnniven'tSa,    

folds  of  the  mucous  membrane 
lininc  the  small  intestitie,  189. 

ValTG,  ileo-cscal,  188. 

Valves  of  heart,  03. 
"      of  lymphatica,  42. 
"      of  vuiuB,  48. 

Vascular  eyitPia,  30-64. 

Vaso-mntor  nerves,  those  which 
control  the  circulatofy  vessels, 
00,  827. 

Vegetable  food?,  110-173,  43B. 


Velum  or  soft  palate,  178. 

Vena  cava,  ii^eriot  and  anperinv  1 

4B. 
Venous  pulse,  121. 
VcQiilaiion,  397. 

"  cflects  of,  00  sick,  8M. 

Ventral,  belcnging  to  Ihe  abdonwn 

or  belij.  Id. 
Ventrioled  of  heart.  41>. 

"        of  laryni,  cariites  abdm 
the  Tocal  ligamenU,  224. 
Vraitricles  of  the  brain,  B27. 
Ventriloquism,  2t>7. 
Venniform  appendix,  aironn-sbaped 

process  of  the  iiecum,  18E. 
Vertebne,  the  bones  of  the  spinal 
I      column.  1). 

'  Vertebrate  animal.",  those  having 
I      backbones,  79. 
Vestibule,  24». 
I  Vestibular  sac.  247. 
I  Vibrations  of  ether,  2R4. 
I  Villi,  minute,  threwj-iike  procewu 
of  the  mucous  membrane  lining 
the  small  iniettlne,  44. 
I  Vinegar,  449, 

j  Vis'cera,  the  entrails  ;  the  contCDll 
;      of  the  abdoQ^cn,  186. 
I  Vision,  300. 
Visual  imsgcs,  307. 
I  Visual  uze  and  form,  80«. 
VisCQS,  any  largo  organ  contained 
I      inanjof  the  cavities  of  the  bodjr, 
I      as  lungs,  liver,  spleen, 
IVitalaciiuna,  SI. 
"    cddj,  ln4. 
"     food-stufl^,  1C7. 
Vitreous  humor,  the  ccnicnts  of  iLo 
posterior  chamber  of  the  eyeball, 
278. 
Vocal  chords,  S!S. 
Voice.  226. 
Volition,  284. 
VowoU,  228. 

Walking,  220. 
Warmth,  242. 
Waste-pipes,  408. 
Water,  amount  daily  taken,  402. 
"      camera,  270. 

'      '       by  lead,  409. 


I 

I 


purity 


f,'407. 
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r  Wheat,  439. 

WhiBpering,  228. 

WbUtliDg,  228. 

White  clotbes,  467. 

White  matter  of  brain,  316. 

Windpipe,  the  trachea,  100, 

Wisdnm.tcelh,  3fi4. 
I-' Woolen,  463. 
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TitLoa,  M.  D.,  F.  R.  S.     S73  pages. 

Sementary  Treatise  on  N&toi&I  Fhiloeoplij.  By  A.  Fkitit 
Dbchimki.,  fonnerlj  Profeaaor  of  Phjsira  in  the  Ljcie  LonU-le- 
Grand,  Inspector  of  the  Acsdemj  of  Firia.  TrsQsUted  and  edited, 
with  EiteuBiTC  Additiong,  bj  J.  D.  Ecerftt,  Professor  of  Natural 
Flulosoph;  in  the  Qocen'a  College,  BclttKl.  In  Four  Pant.  IXwo. 
Flexible  cloth.  Part  I.  Vecbaxics,  llTnsosTATicB,  xsd  Pninuncs. 
Part  11.  Hut.  Part  ItL  ELacraiciTT  un  UiosmsM.  Fart  IV. 
SocKD  ASD  LiQHT.  Complete  in  one  rolnnic,  Sxo.  1, 1st  pages. 
IlluEtnted  villi  783  fino  GngrariD'^  oa  Wood  and  Tlirce  Colond 
Platci. 

Science  Primer:  Phyaica.     i8mo.    Fleiibic  clotli.    I3S  pages. 

Experimental  Seriea    0/.\LrRi:D  U,  HATEannd  Cbialb  Bibmiiui. 
Llgbt:  A  Serio  of  Simplp,  Entertain  in?,  and  Incipenslre  Eipoijmeirta 

in  the  PhcDameDa  of  Ught.     IJj  ALrnis  U.  ilixrtt  and 

IliBXtiUi.      l2taD,      113  pa^ee. 
Sound:  ASoriesof  Simplp,  EntertaiDing, and  IneipensiroEiipeiiineaU 

in  the  Phenomena  of  Sound,  tor  the  Use  of  Students  of  ever;  Ago. 

By  Atrntn  M,  Uitzr,     12ino.     ITS  pages. 
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MENTAL  AND  MORAL  PHILOSOPHY. 


Alden's  Intellectual  Philosophy. 


3  pagc?B. 


Bain's  Mental  Science.  A  CompeDdLum  of  Paychnlogj  and  the  His- 
lorr  of  Pliiloaoph;.  I21110.  B27  pigea. 
Tliis  is  rt^nrded  as  "  doI  only  tlie  best,  but  the  onlii  moatial  of  Menial 
Philoaaphv  jet  produced  which  combiacs  a  clear  ei[fO»itlon  of  Che  laws  of 
feeling  ao'd  thou;:ht  with  a  full  atBtement  of  their  pby Biological  conneo- 
tioQS.  so  far  aa  hnann,  logclher  with  a  sucoinot  hlBiorical  rBTiow  of  Iho 
progrcsa  oC  opinion  upon  canCroTerced  qtiestiona  in  the  domain  of  miotL'' 

Hunsell's  Psychology ;  or,  The  Sdoncc  of  the  Miod.  12mo.  S20 
pages. 
This  work  is  distinguUbed  b;  the  folloTing  points  of  cxooUeniw :  I. 
For  its  brsTit;.  2.  For  its  aiUptation  10  the  redtntioD-room.  8.  For  Ita 
trni]'  poiitivt  ahoracter.  4.  For  its  clear,  connected,  and  phllosopbical 
diaciission  of  mcntnl  proi-cma  and  producti.  fi.  For  Its  emitiently  prac- 
tical cbamcler.    Finally,  ita  cihaaative  analjlicol  table  of  contents. 

Philosophy  of  Sir  William  Hamilton.  Edited  by  0.  W.  Wioht, 
8to.  B30  pages. 
Sir  William  Hamiltoa  ranks  among  the  mojt  eminent  of  modern  phi- 
losophers \  bis  system  ia  worUiy  ol  the  attention  of  educators,  not  only  by 
reiuon  of  ita  eoundncsa,  prafuaditr,  and  erudition  ;  its  spirit  of  free  in- 
quiry and  power  of  quickcniug  the  mind  ;  but  also  on  account  of  iU  entire 
acoordance  with  the  principlts  of  revealed  religion. 

Ekhwegler'B  History  of  Pliilosophy.     Transklol  from  the  orlgl- 


Winslow's  Uoral  Philosophy.     Analyiica!,  Synihelical,  and  Prao- 
liial.      12ui0.     480  pages. 

Bidn's  Uoral  Science.    A  Compendium  of  Ethics.    I2mo.   S3T  pages. 

This  volume,  like  that  on  Mental  Bdenoe,  ia  an  abstract  of  his  more 

voluminous  «ork  so  decisively  commended  in  England,  and  presents.  In  a 

compressed  and  lucid  form,  the  views  whieb  are  there  more  extensively 
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BOTANY  AND  ZOOLOGY. 


Knt  Book  6C  Botaay.    Oeinnl  w  OiitHMe  the  ObMrrfog  V 


iied  Md  tdaiitol  for  F*e  b  lfc« 
fiBHrf  StUea.  Bj  Bux«  jL  Tonun.  BnouTaU;  cotond.  Sx 
Cliuti  «iih  Ecji,  Boadcd  w  Balkn.    Ptr  to.  |15  73. 


iBook  of  Botaay.    Ctwposed   &«m  Am 
nm  Pm  of  Uie  AaalTik^  Ctus-Beefc.    Uo.     lo:  (Mgo.  I 

aTMn*s  Axtalftical  CUMBook  of  BoteaT-.    Fui  L    EScaenb 
<(  VcettaUe  Stnctart  mad  Pbj»ala(?.    Pan  IL    ^sMmUic  Boc 


Scionce  Piimsr  of  BoUuiy.     iSmo. 

Pint  Book  of  Zoology.  Bj  Edwih>  5.  Bo«se,  Ph.  D ,  tonncri^ 
PnfM^ciT  of  Coiiifitnttir«  AnatoDir  and  Zoologj  Id  Bowdcin  Cot 
li-g«.      lima.     IDOpBgea. 

HichoUoii's  Text-Book  of  Zoology.    iSmo.    863  pagca. 

Ntcholaou's  Mnnnal  of  Zook^y.  For  ihe  Cm  of  Stadenta.  With 
■  Gaieni  Intrmluclion  on  ihe  Principles  of  Zouli^,  BetiMd  and 
Milargtil  edition.     !43  Woodcuw.      Uma     673  page*. 

Winnen  in  Life's  Boca  i  or,  The  Qrcu  Backbomd  Fanulj.      B; 
BccKLET.     ISmo.     3fi7  pages. 


Iiife  Bod  her  Cbildren.  GUmpsei  of  Animal  Life,  fntm  tbe  AmcEbk 
to  ttie  Insecla.  With  npwardof  100  riuslnilionB.  B;  AxannuB. 
Bl-ciley.     lamo.     812  pages. 

The  Crayfisli.     An  Inttodnction  to  the  Ptudy  of  ZoOlogy.    By  T« 
H.  IlciLET,  F.  R.S.     Wilh  82  Illuitretiona.     rjmo.    871  pap 
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ASTRONOMY  AND  GEOLOGY. 


IiOckyer'a  Elementa  of  Astronomy.     ATOonipan[e<]  vilb  numer 

ouB  niuatTBtioDB,  a  Colored  It^prcscDtntian  of  tbe  Solar,  Stellar,  anil 

Nebular  Speccra,  und  Ara^o'a  Celestial  China  o{  ihc  Northern  and 

Southern  lictaisphpre.      AmGriciiQ   edition,    revised,    eularfed,   BnJ 

Bpecialljadapted  to  the  wuita  of  American  achools.   ISnio.  3I2pagGa. 

The  Hutbar'a  aim  throughout  the  book  itas  been  to  give  a  conneetciJ 

view  of  the  vhole  subject  rather  than  to  discuss  anj  porticalar  parts  or  it, 

and  to  Bupptj  facta  and  ideas  touudcd  (hereon,  to  serve  as  a  basis  fcr  sub- 

Boqaeot  atadj.     The  arrangement  adopted  is  ne*.    The  Sun'a  true  plsee 

In  tbe  Cosmos  is  shoon,  and  the  real  tnavemenis  of  the  heaTenly  bodies 

ore  earefulljf  distinguished  fi^oiD  their  apparent  vnoTcments,  which  greatly 

aids  in  imparting  a  correct  idea  of  the  celestial  Epherc. 

The  fine  STAR-MAPS  UK  AliAGO,  sboffing;  the  boundaries  ot  the 
coQBtellations  and  the  prinripal  Blara  thev  confaia,  are  appended  to  the 
volume. 

Sciencs  Primer  of  AatronoiDy.     ISmo. 

Elements  of  Astronomy.  By  ItonCRT  S,  Bill,  Profcsior  of  Astron- 
omy in  the  Uiiiversity  of  Dublin,  and  Royal  Astronomer  o(  Ireland. 
l£mo.     4iiU  pages. 


Thifl  wort  Ib  now  the  atandord  tfii.book  in  most  ot  the  leading  col- 
leges and  higher-grade  echoolii  of  Ihc  couotry.  The  author  hna  just  made 
a  thorough  revision  uf  the  work,  so  as  to  embrace  the  results  of  all  tha 
latest  researches  in  geolt^cal  sdence, 

Nicliolsoii's  Text-Bcx)k  of  Oeology.     For  Schools  and  Academies, 
12mo.     2TT  pagc9. 
This  book  preseuts  the  leading  princtplea  and  facts  of  Geological  Sd- 
ence in  as  biief  a  compoRS  ae  is  compatible  with  the  utmost  cleomeaa  and 
accurocj. 

Lyell's  Principles  of  Geology ;  or.  The  Modern  Changes  of  the 
Earth  and  its  Inliabitants  contiidercd  as  illustrative  of  Geologj.  Il- 
lustrated with  Maps,  Plates,  and  Woodcuts.  8  vols.,  rojal  Svo. 
Sir  Charles  Lyell  was  one  of  the  greatest  genlogists  of  our  age.  In 
this  wnrk  ore  embodied  such  results  of  his  observation  and  research  aa 
r  on  the  modern  changes  in  the  earth's  structure  and  the  organic  and 
'ganic  kingdoms  at  Nature. 

Science  Primer  of  deology.     iStno. 
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